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Sf*h 0|S3hJl ZL ^o|3 h a| ^fSf *t^A| ? |ai "JEil HHt rtXh Z|Z|°| g S x|| 

#0)1 sjgS^I ^CH» ^1 ©HAH, SSh* nf gef^ **^fi] gshe ghESIIS* Sifc pf gef^si ak>|o|| 

§f 3>-fer S^S 4:^0)1 SJaiAi, n = g« EE^ p* *ho]S oii^ 5! smo|| 2 W^-2.\ S^S &}E*l|a|o| »gs|^ cf 



S BJ-SS at® ^0|2.^(LED), e1|0|x|d|-0|2.JE(LD), EHSfS*!, sHAfjAi §2) ^^xh, ^^xh, ee-^ e bh^e) 54 h|-^|d| a(-o|^ 
gx|-D|H|-p|^cH| A|-gs|-^ 3 ShS ^^hdnxAlyGa^x.YN, 0<X, 0<Y, X+Y<1)oll Sth 3do|ch. 

ashe ai-ssn-fe e#&h led cj^sbiioi, ms-y^ ^ 0 \n\x\ ±n^s\ % n*W7\ ?ie ots£ £ ^ah 

LED2.I eSSAi ajsj^o^ oj^E|o)4y-cK Aj. 7 | LED -a-x|~^ a^h|-p|cH 7|ff4hol| GaN°^ P|¥-CHS H-|EfS, Si GaN 

p| =ojg n-^Hft, EfeJ ^xf- ^#(SQW) InGaN EE-^ InGaNS lh^3|-b ^hW ^ ^#(MQW) Mg 

£S AIGaN°S Pl^-OhS p-#EH 9 (cladding) §, Mg £9 GaN£S o|^oj£! p-^ej §o| 7|-& ^2* Sifccf. 

LED 20mACH| SjCHA) , <gQn[Q 450nmS| SAij LE DCH|Aj 5rrW, fi|^ SMh S# 9.1 %, 520nm2.| ^ LEDCHI A-| 3mW, SJXh 2. 

# 6.3%3. ^4=th ^ah S 



4h7| ash* yssi W-& quhol^-^ lnGaN°^ Pl¥-Oi2 ^es(well layer)# 3^ ElSJ Sf*h ch§ ?jxh ^* aj-A) 

§t ^ ois ems. xiise 4= am. 



5E°h £p| gsh* I^Sh quhPl^cHI 2J oh a-| , c[§ °txh °e ^F-^ ^7H°| □ [ M HJj^J s§o| Sfi-o)|AH£ 

Bi-3-ol 7h^Sh-^, EhS ^* ^ZEMch ^ e^p| ^7i| s|fe #°| ^xf-m^o| S4h0 | 7|cHH|ni SicK 

oiieea c+« ^ t A d§i led ^s/h, -^^hs 10-1355143: smoiiah^, ^s§ si ^#sse °h 

7| flshoj, ahch^ GaN2^ P|¥CH3 u(|a|a)#, ^isg | n GaN°^ Pl¥-oh£! o|^-OjS °fxh ^^°| ^ 

ci^7| im#£>| HHa|o)#ach£ ye B!!=a(band gap)# ^ fEflSSt ilh°ht ashe B>ES| ^AVh ^H A lH|oj SJ^h. 



nam, cfg axh ^# ^i^3hS, Eta SF^h ^e ^-^SiHfih h|jHS|o) gs) |o| =^ 7 |. m =o||, g^lh°| 

*IS*l!ho| ^7i| 01|»SS LED ±^ Vf(^»»S&)0| ^OhA|-^ g*t 0 | °(dK 



01l»eS, ^7Hg 9-298341S-& Vf» ^|SW?|^ 7|#^a) #Aj* o|o| p * ^nhg, -s^S ^# lnAIGaNS# ithoh-^ S^a|- 
(superlattice)S°^ «te aH|o|^ ixff 7HA|*hcK Ap| 7 |#§ pS SShe In* sh^ofe SSh# S&oh^ 

i£^A> ^-^^ AhSlh°S*l, pg°| ?H S-| 04 feEI ^7hA|?|ni B||0|Xi ^A>°| gj7H|5j^» Ai^A|^ - ol ^. ZLB^ SA||0||^ 

InAIGaN^h #e 4S^ sme°| SShe SS^o| u^m, SEth ln« sh^|-^ ssh# eJ-E*ll-^ pSo| s|7| a)g7| nflsoil, 

-M^l^os LED ^ £E-^ LD ^^h» *l|^°l"£r 50| ^e+Shch. 



aj-7| LD ^cH| SJcHA-i, ^ a-go| e§[o|g #o)| iw§t 3>-^ SShe &J-E*II b||o|x) s)|^|.oi a||7)| 

^^^■5! 10000A|^f o|aj-§ g-M y-fiSJi^KlCNS' 97 Subscript, Octcber, 27-31 , 1997, P444 M|x| 446, S 
Jpn.J.Appl.Phys.Vcl. 36(1 997) pp.L1568 m*l 1 571 , Part 2, Na.1 2A, 1 December 1997). 



=lb\l-[, oi\mm<g led ^tm ^ss ss, ^la^s.^. 5151011 esei-^ -Mai q^#^ioi ^chi ai-sspi ^i*ha^, d^oi vf7i- y-m 

§A|CH| ^SS#0| ±X[7[ 3.=?S\JL Si^. 5E&, LD rfcXjOfl SlOjA-l, ^ 5|£j *fi] S^CHI AhgSp| ^|e||A]^ ci^ol 2j7||Aj 

§tSf ^E^oh^ #, ach oh#°| 7HAjo| MS3hcK 



SI^CHI^, ash* &E.m* AhS& it#^AKHI SJojA], GaNO| o|gS p * g=o| SgS p3 ^S§§, **|« 8-974683: 
*acH| 7HA|£| u[s\ g-o|, uH^a cHIMa|7|- GaN^h td|IH°|-ol InGaN* a|-#3|-o1 S^s^ 3do| gs^m 2JcK ^, HH^jj cH| L-j 
a|7F 3^ InGaN* a|-#3|~^ 3dac|-, p *j ^a) e*^ p * am=^°| ^ # u.^ ^ #e om g^( onmic contact)* <£E^ °h-£r 
2to\c\. 



InGaNS Hthol »g 333o| #g s|S ^^[^ 5jo| ojEi^AH, emttef°h7il ^ a^-Alt}-o| 7|c[|°h 74 °| 
^oiS ^ Si^h. E*h 37 1 g&g , nGaN Si o| Ais^e 37| InGaN g2| 3332| a3°^. ^J^oi °hgshx| °>c^ ^7H|g 
o| SJcK c^elH, lnGaN°^ o|^-CH^I p^ as"E §i zp. H | & g^oi ss( . # ^x^, ^3 oj-gsj. ^sj-ggj-jnf ^s. s 

^« ^-^ 2io| o| nH-S-cHI , lnGaN°^ o|^-CH2! ^ejEgg A|-g^|-^ LED :£AhS ^-^^ S°, 20mAcH| XlcHAi 

^3Sh3a(Vf)e 3.4 l-HxI 3.8V^ S-^-ol oj.^ E& Aj. 7 | Ajoj-°| ^-aj-oI hc|~^ ^|go| al^h. 



se&, ash* aE*iis oi^-chs ^3 ?ino\\A-\ a^ 337iach am ioovai 3a°^E £3H 7h^3oi 

9lo\ ^|^ch| fis.7h sJcK cc|-a|-AH, ash* &j-E*l| ^2| Ajs|Ajg ach ^o|7| ^sH*^ S3 5E& a^-s|CHgc|-. 

JEBF*f Zf&ff 00 

E1§£ aS2| *hiia33e||cH| ^AKLED ^xh)2| ^.^s fioi^-^ 7||af SSeoU, 

E2t^ ttfgsi ^A|oi| 2S| LED rtA|-o| l.[b[^^ a.Aj Eh^ioU, 

£ & BtS2| ^a|o^| 162| ashw ^ ^x|-(LD ^)2| u^e|-lH^ ^a| £ oU, 

E4t* s A| ■§ E|) 22| SSh* &J-£*II itAKLED £l7$)3\ ^P-ZE* l|-e|-lH^ S.AI ^JcoU, 

E5rS -MAISEII 321 SSh* aS ^A|-°| ^# ufemi^ £4| Lf D JEoU, 

E 6a^ aSiSI aAlS^H 42| ash* y-E*ll aS it XhO)| °|oh p= aajE*o| ^ § a.Aj»o S aoi^-^ EtSEOlOl, 
E 6b-^ E 6a2| In ^-a* i-l-EhL-H-^ ZlEflHO|Jl, 

E 7^ * aS 2| cfSBj-(p* e*)o| n^o]| cHft ^5^#* SA|e ziEflHOU, 

£8?^ as 21 aAi^Eii 521 ash* ^akled ^xh)°i ^bm^ s.^^^o\h, 

EE 9a^ aA|SE(| 5 cH| ash* &}E*II ^a^2| ?l£gg ^«(305c)2| PO SI Vf2| ^cHSt* zleHSoU, 

E. 9b^ aAl^EH 5CHI cch* ash* ?l£gg ^S(305c)2| 3^*11011 c||e SSuHoi- ^c||a* ^EH=oU, 

E 10at a a| e(| 5 cH| cch^ S7i# 305b2| a|^|cH| c(j& PO Sj Vf2| 4hcfla# L-h^htH ZlBflioU, 

E 10bt aA|^EH 5CHI cchB S^}#(305b)2| °t^;;)|cH| c(|*h §2^^ A^gj-s =a|^ zie(|=o|31, 

E 11a-^ aA|SE(j 5CH| cch^ ^h#(305a)2| °^^|o)| CH& Pi S Vf2| &cH&m =LSHB.o\JL, % 

E11b-^a A I^EH 5 cH| cc(.= oj^ga 4h#(305a)2| at^|o)| c|| » 3 S Ml £]- 4mi St§ a A l& nsh|HO|ch. 



aSS olaiS- 3&o)|AH o|^-CH5! 5!°^, ^ a?32| LED S! LD a£( .^ y.^^ §a| *tAkA|g^ *)■ 

^l, Vf Si SMIStg ^°h A l?=l aSS#* gtA^A| ? |^ 5jo)| 01 cK ^ S^a|?|^ ^oh7W^ #2| 

aSh* e|E*l|* A^g*h 2Ah C|HhO|^2| S#E ^3A|?|7)| ^0\c[. 

sE*h, ass ^* ^21 #ah*^ xhgshoi zi ^ah # tu-s^iass*! ass^ai es^ji, ^ §§ 

^|#o]| ash* &jE*|| ^-#^xho| ajsa^S ^^H°h^ 51* *hcK 

E°h, * ase P = p ^ aq 1§ aho|o]| y-e a^Ai*h« ^ji aaa ^ «§s°j°^ 5^01 ^chai-^ ash* y 

E*l| ^A^# 7H|g3h-^ 5i* =i|£5 fief. 

se&, * ase ass^s sh^-a 5Uji ^smew #e ash* asw as^^h* ^is^ 5!* a-ch. 

* US 2| aSh* ^E*l| ^:A|-^ Ch#2| ^AH0|| 2|3rh&| Vf, gj7j|g^# Ai SHU ° S*| ^fSff Sh^S 4= Si^h. 

^, * as2i *mash* &}e^i ^a^ ^^7H2| ash* ^e*ii## ^ n ^ s^, ^^H2| ash* aE*ii#* ^ p * s> 

a^7| n -S^ SJ p-S^ Aho|cH| #A4#§ itW. 37| n ^ S^2| *o\s. ^[s.\ ash* &}E^|#^ In* ^Hliash* &}E 

siaf, s 371 xnnash* &>E*ii^h che ^ah # ^12 ash* ^e^ii^oi »#s ch#^#* ^^h. 371 ^11 ash* &}e*ii 

at E^ ^f|2ash* aE*l|a| l(|2| ^che *l-^2| a|^|7h 100 g^i o|3h°J 5!* th^h. 

s as si 371 ^nash* &>e*ii ^xh»iai, 371 m sj ^i2ash* eftaiioj-si uh^xi^i i 0 os^h# oi^ou unt 

5j3h7i| 70S^3^ 0|3hO|Jl, 7h3 UhS33h7)| 50S^^S 0|3hO|Ch. AJ-7|2h ^0| 3f7)| f2S^ c|.*o|*o| i^Ah =p-^s E| 



lnGaN°^. o|^-o|^! ^*## ?>-b EtSJ Sf^f- ^* ^i, 5E-& ct§ Sf^h ^* °H= 3do| H|%a°|-ct. 

BE°t, it°gs| zw\mmm SjcHA-1, x||ias|-# «h£*||ekE ln x Ga-,_ x N(0<x<1)^ ^s|ni *l|2as|-# 

ln y Ga 1 _ y N(0<y< 1 ,y<x)^ ^^s|-^ 2io| 7h& dh^s|S|-c|-. 

gj-gsi ei-ESII 4PI *||iastS y-E*l|at SE-b *f|2as|-g y-E*||st g CH^ *H*°| aj-^|7h 

mm bj-se*ii^ be^ *\\2mmm &E.mnv\2\ *]s chs- ^ act. x-masi* y-£*iiat sE-b *fl2asi* ^4=#s *i# 

& S41°K=r *H|2ash* e*E*|sK*lliSah* tte*flHt)* »IS 27H°| 7HM ash* Bt£*Hat(*l|2ash* BhE«0at)s| 

be*!-, y-gsi *uiast* y-Esii ^pi *fiiasi* et£*iiat be-^ si^asi* ei-E*iiet § ^chse s-^oi 3^ s^si &&o\ 

JL, *l|ias|-* &J-JE*H^t BE-b *fl2as|* eJ-^I^Ol #°Jth 3^ S^2-| iAjo^ A H s cf* 4= Si^K ^, *fH ash* y-JE*l|st 

be^ ^I2ash* ai^iets ^s^stt ^s^#s m&n^ a^, *ii2ash* ^iwnasfs &ts*iiat)# *i* *mash* y- 

E*H^(xH|2ash* &}E*ll^)2-l 3^ ^u|7|- AHs c[m ^ 5&ct. , 

BE&, * US si *fliast* a£iNI ^#^#o| fio|x|7|| SAH£|- jjol #°l4, S^S act »^a|?|?| ^| ah 

S USS| ^liash* a£S« ^^I-CHI 9JCHAH, £p| *mas|* HtEsm- S! *H25ISh* y-BE*l|ato| Egs|A| ?>g 4= a^t. oltcH, 
'E.&s\x\ atfe's] goi^ lassos ass A^ E[|i L4Em|ji Api - oi|*»g o, g& a£h# #A h 

chi °|3hoi #^*e e tse ?>^^oi °hch ci^oi #-£4o| °|3hoi sgg #^*s #uhchi sjchah 

5E*h, ^ Ui|s| ^|iash*eJ-£*l|4:^ aim ash* &>£*l|at ^f|2ash* a|s| cHi^ °!-^cH|, n S *^*o| 5!o| 

o|5!g Si £So|e^ gshni Sze E39°s«| gh^lS 4 s Si^K n-S *^*S Si, Ge, Sn 3j S #s| iv^ S! Vl^ 

S4:S^e| Ajaja 4, 0(^7 H^siShTllt Si SEb Sn# A^g&cK 

se&, ass] ^nash# &E.m ^A|-oi|Ai, *^*e ^nasi-# &emh a! ^I2ash# s^chi n s *^*oi 

^ 5!o| #ch nS s^So| a if, 5X10 

21 /cm 1 0|3|-, Hl-ej-Ai^l 1 x10 20 /cm' 0|3ho S & ^ 5x10 

21 /cm- ach 4h7| ash* &}e*iissi a§AH 0 | u|.uu^iji # ^ 0 | ^shs^ §gtoi aicK se» oi s^^gsi a 
^chie act. 

SE&, * US SI ^liash# ikxH^, ai-7| p ^ g«o| Bl£Jfl|S*l, Al« Ih^ohb ^l|3ash* gh£3(flat §J a^| xi|3as|- 

* el£*l|£h ^ XH|4as|-# e}E*II^O| 5j#£|-b ii^-Df. &7\ ^l|3ash* SE-b 4h 7 | ^| 4 ash 

* £h£*ll § 5)o|E *J-^°| 100§^^M o|Srh°jo| HH^5|*hcf. 5E&, Dj^ uHhs|^7)|fe 7:H|3ash* BfEJtflHt, 5! ^uash 

* Hf£SI|at °t^# 100§ae § 0 |3K c-m U[sm^[7i\^ 70 §^^# 0|Sh, 7h& HHh5|*h7||fe 50§^^# o|sm a-ch 0|Bi£h °| 

g^|*K»| ch#^#o| i^Xh f5£ E|CH CfSSt«2| S§AH 0 | ^7i| s|=s, S^S 4= °i^h. 

5E&, e 21 XHIiash* BhSSII 4:^H= ^I3ash* Si}E*l|efO| Al a G ai _ a N(0<a<1)^ u^^l ^S|S XH| 4 ash* 
ln b Ga 1 _ b N(0<b<1, b<a)^ ?4iacf. a^ d^s|^7)|, 7:i|4as|-# GaN£^ ^gcf. 

SE&, -e- THUash* <&E.m ^a^, ^|3ash* SE-b XH|4as|-S &J-S.*(| at g ahchs eh^sj at^^h °ig°h *i| 

3as|-* y-£*||at 5Eb s||4ash# st*o| aHs dFs. 5;o| #cK ^ t ?H|3as|-S £E-b xi| 4 as|-S y-£*l|a|# oiei 7|-x| 

^^hsi Ahsshd a^oii, Aii 3 ash* &j-£*iiat(^4ash* ^uash* &}E^iai(^i3ash* b>je 

*||at)o| ot^fe AH^ eff 4= ojcK 

ci^7i, gtgo| xfnasi-* y-Esii ^a^, Aj-7| ^3ash* y-E*iist ^uasi-* et£*ii^ g 3hch e 3 ^ ^ ± ^m 0 \ 

eia& *fl3SS|* at SEt S||4SSh# &E.n ^3-1 ^iJ*h 3^ S^S| ^A4 S0 | a ^ c[m ^ Si^K ^r, ^l|3as|-* uVE.m H EE 

b ^|4ash* &t£*l|atg ^^Hs| AHg*i- cf§"4S§ S^ohb S°, ^Il3ash# &t£*l|at(^l|4ash# et£*l|at)# fl|4 

ash* BhE*l|at(fll3aJW at¥*l|ah)S| 3^ S4;S| s«H|7h/HS chS 4^ °JcK 

«ah # o]| a°hoi ^ah S | E s &C K oi«2f #Aj*oii a^oi ast°s«i e^s s^ia ^ sj^k 

* ussi AHnash* et^*ii^A^, xii3ash* ns.n^ a *]|4ash# thstoatoi ess|a| 4= act. p ^o| 

E9ohx| g>- m--;7||^ 0.1/m o|sm ^fe 3do| a^^j^cK a^| =^| 7 ^ 0 .1 A m 0|^°! 3^, S^o| ^Us|7| 0|5|^ 5^o| 

se&, * ussi ^Hnash# y-s^i ifcxi-t, xni 3 ash* ei£*iiat a ^tuasi-* #±m^ s ch^ *moii P s M4?*oi ess 4= si^. 

o|ah#o| ^i E9f^, e^o| *tAtE|7| t|cf. EE it, pS *4^*SAHb Mg, Zn, Cd, Be, SI Cash t§ 2m^^o\\M *mm 
4= uHfS|Sh7|| Mg BE-b Be* A^shcK 



sE°t, * ussi ^nast* yEsii ^jq-b ^Hi3 ash* se*ii^ ^ ^ 4 ast* a£sn=t ^^chi p s #4^*oi e^i 4^ n^t. p-s 



m^ss sgsfe a^, m^s g^ 1 xio 



22 /cm'0|3rK U[*misW\ 5x10 20 /cnf 0\S[g. sggcf. 1x10 

22 /cm- acf g a <=> ashM aggoi ^m^i = s s^oi a^sit asoi xm. i§ oi^e §ychi man*) 

S °|Al|AiO||Ai ^ogS| gfOl * US SI *fl2 M|X| S|5?I4S BhE«||SJ-S O|oh°| =M0O|| 2|ohOi CfS otXh =?-^2\ »^#« A|- 

§0 aa« ^xt-si 5^s ttewa ^ aim atn gs*iigs] sjssfH* *khai?i^ 5jo|ck 

* BtS2| q|29Sf« ShEflate IsH H*E*IS# 3^ ng gel, ^?H2| S3** BhE*|st* 3*fc pg S^, rj & 

7\ n-S^af pgg Aho|o|| #<a## 3fe SSh* g|EJ«| ±7\o\\ £tf} 3d2ilL, #7| n -gga| UShS H*E*| g S ^oj£ shufe a|. 
^Ai- hh^o| cpszi ng g^°| th^e s^s] ^ sh# nS #^#o| *)s ^ EJiL Eg^m aHjil cfe 

oilM^I* 3>^ ^Oi£ 2g^2| SShS el£^l^o| »#S ng *)H^#^#o|:n, g 7 | pg 5|o|£ *H4s>| BHiJNISS 

OjB] 7|-a|2| p g M*SO| E=j=|:H =a 0||LiX|7h *|3jlf *i|434# gh£Jfl ^0| »gS pg^#e| #BH9 §OU, 

4h7| »ah-° ln a G ai _ a N(0<a<1)^ o|^o]g cfg ^3E2i ^9°^ 

* Htgs| x|33|2|« ^*H= g=^H2| Uff af£S||*# Sife ng gaj, g=^H2| SshS £J-£*l|g# li= pg gaj, SI £P| 

n-S^3t p-g<* A|-o|cH| Si-b ^X|-CH| 2iCHAj, ai-7| ng g^2| smsi §S, nS #b 

*o| AHs cfe S<a ZE<S§ Si-E *10|S. 2 5#s] H_h£S| ^ h o| »g2|^ ng flimf D 4§oU, p= g 

«2| £jcH£ 17H21 ash* B>ESfl*S 01 Ei 7M°| pS #^#o| ES^ZL Ais ffl=g oHIM^I^h ch» 7H|3 5i xi| 4 ^2h# ei£SI|sto| 
^ H g£|^ pg i^9So|l, Ak 7 | ln a Ga 1 _ a N(0<a<1)°^ o|^o|S °tAh ^£eo| *hcK 

££& & BfSs| *]|2 S 1 7HI3&I Bh£S« ^*H^ ^7 1 ^l3^Sh# ^2) ptj ^-^S fe£2h xiKSSFS ^2| p« M^* 

fe^7h a^ cfsTm ^ alcK 

it^ atssi n\4^nm m^ns-\ ash# y-^ig# m= n* s^, -^^7H2| ash* h>e*iis* ^ p*s?i, d j 

a^7| n * S^sf pg a|-o|o)| #ah S# ^sii ^a|-o|cK o|m|, ^7 1 ng S^o, ^oii sma| ash# «J-£^lge n 

s #^#oi ah^ igsiaj sj^ zeah S ^ois 2#^2| mnm ^n^o\ »§g n g sin ^saj-sou, 

^7 1 p*g«o|5)oi£17H2| 32h# £l£*llgS P S &^o^ Al 

b Ga 1 _ b N(0<b<1)2.S o|^-CH5! pg sj- #Ej|g#oU, &7\ t^fS ln a Ga-,_ a N(0<a< 1 ) °^ o|^.cH2 c|-# °fxf- ^# 

sis t§25 acf. 

5ES-, AH| 3 Sj ^|4SS|-* 4=x|-cH|AH ai-7| n g 1 c|-#e|-#s ©j s| 7 |_ X |2| GaN°^ o|ifCH5! #^#o| AHs £ 

S3 2S#2| BtE*|BtO| 5H#iE)0i 0|^.CHA|^ ^0| H^xl^c^ 

cH^ol, * U°g2| AH|5S5h# Bh£3W ^h^, ^^7H2| ^sh# al£*IISS ng g2j, ^=^7H2| el£*IIS# £H= p ^ 

ij At 7 | n * p * g« A|-o|cH| tt&sm Ht= ahEJUl ^Aho|cK o|nH, &7\ S^2| a|oiE 17H2| SSh# 

M^#o| AH^ ES2|ni ^a|o)| tjHjE^j o||Lix|7h cfs wcH£ 2#^2| zsnm Bf£S||Bto| »#£|oi o|^.oia n g *H| 

1c|*at*oU, 4^7 1 p= §«o| 7Hoj£ 17H2| pS Al 

b G ai _ b N(0<b<1)^ ol^cHS! p* Eh^ai #2j)S#oU, #ah*s m a Ga 1 _ a N(0^a< 1 )S ol^ols! c+g <g*l ^* ^i£J 5! 
I!! 7HI2 l-Ha| *)|51!2hM n g 7H|i^#q-#^ #ah* a ^|ch| | n # xilig^S SI ^7| UlliSf 

ci^ol, 7H|2 uHa| x|| 594* Sl£*l| ^A|-^, a^ 7 | n = g «o|| Ak 7 | n * sfll c+S°t*SS^E| 7|3=cH| &^o^ n g 5 

ci^o|, ah|2 uHa| xH|5SShS B>E*II a} 7 | n * saj Eg 0 | GaNg2| ^|o]| 5 o| u^xi^cK 

5ES-AHI2 XHI5S2I-S eJ"E*ll ^A^cH| SJcHaH, aj- 7 | jj E g GaNgo| AH^g-s)^ Ga d AI 1 _ d N(0< d<1 ) °^ o|^-CH5! u-|It|g ^|o)| 
3do| u^^lo^ a^ 7 | p ^ c^a| gEflS^ p ^ #eJISg floil pS M gS aasfe pg GaN 

^, * USa| AH|2 u|jx| AH|5SShS Bh£«ll r£*H^, chg °>A|- ni^2| « s ^* f 77|^ E ^ n io]| n ^ 2§# 0| 

a^o| ashs ths^ilgo^ o|^olA| n = ^n^gm* o, p *cH| AH|3 51 q|49Sf« EhEfl^SS o|^o1a| p - ^aHgig ^ 

Sow aa9°s«i atssit a^A|?jcK 

0|2| iO|, *g2| ^AHB). ^=^7H2| t h^|S# i#tl°^H Cf# °J=Ah ^-££2| »AHgo| AH^g £ ^ #7 1| U 

?ie 4= sm. e£*k c+s i> fc A|- =?-^s.\ tt^d^fsi unt»& ci* hj-sws* o|sk»i 7W?w. 

^ U°g2| AH|2 UHA| XH|5^2|-# e}E*ll ^XhO)| XiCHAi, A|. 7 | n = ^||i D |. S ol. S ^ #AHg X |-0|0)|, | n g itl^ 7H|1l|S|-g &}E*II^\ ^ 

7| xHMS2h# H-KESflHtat ctt AH|2SSh# a£jN|ato| »gS ng ^l|2^#e|## 7|-x|S ci^ U^s#S 9^1^ 4 1 

sy°D^ sEe, vf* Ai3W7i i^s§§ *tA^A|^ - ojcK 



CWI, Btii 21 *l|2 m*| 7H| 5 a2:hw SKM, aj. 7 | nS 7|eo|, nS i£&°H=r n S 5 

ej^SS S^ohS g*&A|zj 4= -^ A loil Vf» ^=Wi 4= Si^K 

SE*h^ xh|2 m*| *f|5SS|-# af£*il 9lo\M, nS 5H|MSo| GaN§2| floil #7| GaNgS 3§ 

£o| #e So| ELS. nfj^fS S£!°K=r o|^oi3 nS ^&jM#°| 3§^t »#A|?|:a. n* ?|o|| 

n-Ea)M#cH| y-^l ##°| SS^o| if^^HS ach &^a|zj - °i cK 

SES-, a-S2| *l|2 l|| a| 31155151* &j-£*ll :£A|-cH| SJcHah,, aj. 7 | oj E g* 0 | xf^gg-a Ga d AI 1 _ d N(0< d<1 )°S ol^of*! tHE|# 
-^H CH| S^£|S QaN#2| HS£!o| cj^ foWi, nS #°| 3§^£ ach #o|-a| |hg-#s|o| 4= &U 

□i^ol, pS #sj|g# se^ p± Et«|Ht #Ej|g# CHI Mg £S pS GaN B<^^Bm S^ohS, #e pS <£S 4= Si 

m #a|o)| p i GaN ^a|H#o| zi flo|| gg=|^ p g^af #e 2 D -| S^S 7f)t|£S ach c)^ S=<y-A| zj - °i cK 



HE.H :fc*K>|ck 

^, S Si-S2| *fl61!s|-S ^x|-b, pS ^aj^ss i#3|-b ^7||2| Hs|-S y-iA-IISS §>t p = g^sf ^- 7 H°| ™s.[m ai 

a§2S o|^01S nSS^, §J pS g«^ n ± g« A^o|°| *^!#« ^a|°h SShS af£S« r£x|-o|ch o|iiH,4PI P S ^ 
#e 2g0| c[B AM1 1 SI AH|21J2h# B>E*flOt* =frO| A *f^2S i^A^ ^-ZE* 3ii, 27H°| SSh* 

*||a| § aho^^ sms| gsFS B>ES«ote InS 5t f9££ 

ttaW, a^ 7 | p-S=3t At 7 | p-aqi* A|-o|cH| Ai&^ # ^a|^ - 2Jo^ *^ 0 | a-|^a| Aj °j-o|| a-\ <*o]™ ^ SJcK 
5E*h, y-°g°| A)|6a£|-# ^A|-^ at^f ^l|2SS|-# a| a|-o|o)|, aj. 7 | x)|iSS|-# y-£*l|2|°| i^o^ 

X)|2SSh# ttSNIBtS] ££A4o^ OJ^AHO^ ^Sh3fe ^Aj§A^## « AH fi - oj ^ o|^0|| S|8fl, Ak 7 | p-3|«E f 2| 3§ 

Aj 0 | ci^ ^ Si^K 

SE&, a1|6SS|-# y-ESII it^l-fe ^| ^HSS|-# £J-E*I|^°| in Sf^g§ *1|2S£|-# £]-£*l|a|2| | n &^lf^ u|jns|-oi 

ao| a^s|o|-cK o|g7i| fog*!, p^ 5^M#°| Ai&^g. <=+n & ^ 2icK 

so-, a-gs] ^| 6 ashs ei-Esii ^a^, 2ns.\ mnm bj-e*ii# § ^oie *h*# i n s iS-o^ e 3 ° # 7 | 

Ssl-S &!-E*||q-B In^a^.Nos ^s)-^ #oU, *\\2mmS Al y Ga 1 _ y N(0<y< 1 )°S ^ahs)^ ^[o| Hh^5|3hDK 

^^o|, s ttgsi xh|6S^# BhE3« ^A^| sioiAH, a^ 7 | xH|iash# ^s.m ^ 5! x\\2*imw ^iSM^ S ^ p _g E9 
s|jl cf# th^e p-S ES£|a| ^ SKK 

a-Ssl xh|6Ss;|-# y-EA|| ±x[o\\ ?io]A^ &7\ ^^ ^ xH|2^S|-# gj-£*l| ej-o|| 7 ^a|o| pS 
2| SSh# BtE3flS0llt 1Xl0 19 /cm ! L-H X| 5Xl0 21 /cm- fflflS| pS #^^« £S^J1 c^s. bo| Eli*IISe 

5X10 18 / C m- UHX| 5X10 19 /Cm- SflS| p-« ^| Aj X |-0||AH p-g #^^°| fgg *x|-o| ^g£cf Ci ^c^. 

a-ssi AHiesshs y-EA-ii ^ai-chi xioiAi, ^nssi-s y-tA-ii^oi ?m sacni sahei^ SA |chi x^i p = aj^oi ai- 7 | s 

e as si AH|6^£h# ^a^I alofAH, Ak 7 | #ah S ^ a^ 7 | p@ aajE*^ a ^ 0 |ch| A l# Ifsfe ash* o|^oj5! 

p« ai«E g o| ^ SJcK 

gj-go| 3H|6SSh-s ^A^cHI SioiAi, aj. 7 | pS gei] g *° A , xGai _ x n(0< x<1) °S o|^-CHa| =^ ln y Ga 1 _ y N(0<y< 1 )°S 

o|a^ g-o|, y-ugo| 7H|6SSh# &J-ESII 4:A|-^, Aisi ^Aj 0 | c|.= x|| 1 m A)|2S^hw &J-S*I| ej-o| mcHsi ah^s] ^xf- fif ?> 
3, Ap| 27H°| as|-# y-£*l| # g ah^c | nS su-3|~^ p ^ aaE* s ^-ul&cK [cfsW, §&o| ^o] SS^o| #g p s 

^ PS &H| M# A|-A|o| Ai^x|S ^7H| *^ §A|0|| P S PS ^^M#^°| AH^AithS 5^7,1 *(■ - ol 

a-gsi XH |7 oj ahisssi-s bj-esii ^ai-^ o|o|-°i ^p-ahchi 2|sH c|-g ^ e# ^^^i A|-g°i- as|.g uvs.m ±.ns\ 

S#« S=A^A|?|J1 ^A|0|| ggLj^f & =^ °(o Di C ^ ?>Ah e# ^^21 »^#« OISS- S£h# Bl£A|| 4:A|-o| AHgW 

^, * US2| a)|7^^# ^ai-^, ^^7H°| e}E*||## ^ nS aa(, ?^^rA2\ ^sh# el£*l|## ^ pg«, a! aj- 

7\ nS P s a|-o|ch| #Aj§g ^ ^x|-o|cK o|nH , nS S^s| ajoiE sfu^i gsff el£*l|#e "21 

E9 SSh# ol^oiAj nS M^#o| E§g Ht£«l ^ h °^ o|^-CHa| g-^g, s> BfEJWaj- 

o|^.o|a| 3|-#°| AjcHE 3#o| ^AHc(|^ ^igslcH o|^.cHa| n S a|| 1 c|-#ej-#o|ni, aj- 7 | d = ?J^o| wojs 17H°| S£|-# 

SISS, 01 £] 7W21 pS M^#0| £SE|0i 0|^OfA|Jl §A|CH| Ai=i 0H| Lrl7C|^^ XH| 3 S! ^|4^^# &}£a-|| ^0| AH * E| p * 

^§ n 4t^9§oU,^7| »AH=ein 



a Ga-,_ a N(0<a<1)^ o^cHa c|-W ^# 21* *re. 

sE*h, a-gsi ^i7ash# :£*khi snore, *ii3ire# y-E*ire2| p g #7| *ii4ire# y-£*ii ^re tre # 

4r# fe£7h *]3. c*a?ii4 ^# ^ ?jc|. 

gj-gsi *ii sires- y-Esii ^re^ire ssre y-E*ii#§ §re r-re s^sf, ^re?H2i ires- alE*l|#S i>-^ p* g<* 
Aho|cH| VgSS stt a 2** £*K>|cf. o|m, #7| g^ai *JCHS 17H°| ire* H*5E*ISe <2lE§ SSH BHEJflS ore 

CHS #^#o| Egg gsh# y-ESIls o|^-cHx|^ §t}§, §J ire* BJ-£*ire o^ore Ajore 3#°^ 4: 

-M d(| in 5j#s|oj ol^-cna n ^ fllic+saj-sou, #7| p# ^oj£ 17H°I asts H*E*ISe, P£* Al 

b G ai _ b N(0<b<1)^ o|^-CH5! p* EH|Ht #aH9#oU, £p| f^SS ln a G ai _ a N(0<a< 1 )« tre°re cfg °re ^# 5! 

ci^O|, y-Dgo| j H |7 oi 3H| 8 sj£h# ^^fe 4P| n ^ ^111 cl-S^Sol °J-^| 100 M|x| 10000^^21 ££S SShS &}E 

o|^.cH5! at^»| 50 uf|x| 10 00§r^^Ma| nS M£#o| £?re ire# H*£*I|S o\^o\*\ £ ^ h ¥^l 25 

1000#:*:M#2| oj^g ires «f£S||s ol^ois ^§£S o|^-cHx|-b 5!S °re. 

m. ttj-goj ^ 7 oj x\\s*imS ^xre, ^7 1 n= ^|ic|-#a|^ A|-o|cH| InS &^«hb *Hlire§ SI &7| 

cH^0|, -e. ^-goj x-117 oj ^isgsi-g. bj. E jj|| a|o|| Aj. 7 | n ~ as( . s u}£*ll#o|| ^7| ^Hl 1 ^#a|#(S EE £g)££?Ej 7| 

^50| 21^9 GaN#s| f|o|| S^a ^ 5U^. 

a-i32| ^7 SI ^TChcHI SJcHAi, aj. 7 | GaN#o| ^s^xj-g Ga d AI 1 _ d N(0< d<1 ) S.S. o|^-CH5! u\s\ 

S ?|o|| &&s\n shoi, Ak 7 | ^*g^ ^a||g* 5E- p * ^ejof #E n a g a^o)| p a ^^#^Ai Mg » *^3^ p * GaN 

a^, * HtS2] ^7 S AH|8as|-g- &E.n ^*K=, ct5 ISII S^oll ^g, nS £ 

§a| S #^-^o^ 0 |^-CH5! n = ^11 cl-sa^af, P^ S^o|| 7HI3 fi ^|4S^S o|^ 

CHS P i ere at #ang# SE-^ p^ s&sfe- AlbGal -bN(0<b<1 )°s Pl^-cna p ^ a«|Ht #a()g#s ZE&^oi 

°^*f tU-#a«o| gt^sh U9ftB40| aa*hji, ti^7| § SS o^o| o t ^ & ±x[m w m - oi dK 

0|2| &0| 2^3f #* ^ ^^7H°| SSh# Ht£«IS*=Eaeoll 2| «H, ^# Sf^ ^# ^-^o| mAH*o| S# 

#7i| » 4= oies ^Aioi, §gL| oj-g #7i| st 5Uct. 

Cn^ol * ^11 [^«at«* 7|-#°| af£7>||» Hfl2| £E&cH| °|§H #e BhSftajjif SSMia-* fief # 

* US o|| 5icHAi, s|n|5|o S ES^I-aI p>ni ± f SA|3hni, °!^& |2S?e|^ § ££E 
t S*|S^e|2| ^EHn|M|o|AjcH| °|§H #^S0| #gjcH|E ^^[JL 2|d|wo 5 &t g^cHIt 

ghcK #A h0) | ojs^ sojg S^HCHI 5iCHAi ^u«7h 4S7|t S °7f- SJ^. 

se& ^§ ?fxh ^* are* 3 |. £EthAiacHi sjchah, ure^i& ^» ssf* ai£*ires oiswi 7i*n»cf. 

e ^reoii sioiAi, n * ^ncre^re^ *re# ahoichi m# s&^re ^nasi* assiiot, ^i <he.h^jH ^» 

# §,re must* &E.mito\ ah SS n ^ ^i2cre^res ^res#s s>reA|^ ^ are^f th^i, ^«»sq-(o|sk vts. 
&)# ^res## &reAis 4= sa^. 

ci^oi, ^ ^reoii sioiAH, n * xm^#Btso S aE| 7rere°^, ns i&^re n= 7hAia, ^re#^s 

y-?|o]| alcHAH, Ai-7| n = aajEiol GaN#2| ^|o)| «ah S | S aj. 7 | GaN#S SS^o| #S wcha|° 

S, nAj^s §S9|°£ 0|¥CH5J &a)M#2| SS^o| #ohx|ji, n ^ ^|CH| ^ahsi ^ah* ^o, 94s 

#2i aa^i tow ^rere^« &^>>ia 4 s su^. 

SES-, y-°go)| SJcHAi, aj-71 oj E g GaN#o| xi^g-g Ga d AI 1 _ d N(0< d<1 )°S o|^-CH5! a^i# ^|o|| 2lES GaN# 

21 ^§ah 0 | ere #ohxre, n = ^shm# a*re E fic+ #0 re ^rere^oi ere area =^ ai^. ae, p# ^re^ 

SE^ P = Etasj" #aH9# floil Mg £S P = GaN ^s|^#« P S §o|spi| 4= si 21, p ^ GaN 

sf zifloii gres pa^3fsi #e sq^^oi w(»Are^ i,re«^s t,re^i^ 4= 

se&, * ussi ^9 t-Hxi ^^^mzlm <L^m ^^re n= p ^ g«oii ch &h 7 re 21 cre^re* ^ai^re, n= s^°| cre^re 



^, * iresi xH| 9 x|£h# bhssii ^Are, ^4=7H2| zsmw ais^res §,re gajaf ^4-7^21 t^res ?.re P ^ A^ 



o|cH| ^ ash* e>£*l|o|cK o|m|, &7| nft *4oH.E 1 ^H^l isfi t^ISS ^^H^l a>E*||^o| 

^ ^S^SoU, aj- 7 | ^cHi 171)21 Slff &}E*ll#e ^^H°| ash# £|£*ll^o| ^#h|^ pS ^S^SoU, *h 

e *pi ns ^s^s# =Ma*fc zt^jii pm^m^sm ^°ht ms. cfs 5J# »c+. 

assi *fnoash* b>e*ii £*ht, ash* "j^msm stt- gam ^7H°i b*e*iiss ^ p* § 

ej A|-o|cH| §H= ^l-o|cK 

a^7| n ft SS^I sjoi^ 17HS| ash# ttEfllSS, ^^H°| SSff e*5E*I|hK>| *(#£|£r nS ^#et#o|i, #7| p ^ g«o| 
17HS| EJ-StflSS ^^7H°| ash* a>£*||ato| *l#£|£r p« cffo^foU &H, £P| ch#^#* ^Sfc ash# 

*I|oho| *h#^ P s c[±°4|i ^gsfe ash# BhE«ats| *!#^7h 3!* sgo^ ac j. 

Aho|o|| t^ig 3>^ isft Htstll ^*K>|cf. oimi, n* SS^I sjojS 17H°| ash# eh£*IS« n^ns] a She BhEJffl 
°|o| sj#s|£r ngi ct«at«oU, 4,^1 pft s|(He 17H°| ash* g]-£3tO*S m^s.\ ash* eh£«l|Bj-o| *!#£|£r pg! 

e|#OU #A|0)| AJ-7| nS C^g^gg pS ^S^gf Sg 0 | Cfa ji ^A|CH| A^ 7 | nS 

t USh* at£«|af2| *j#^2h pS tMS^S* ^gsfc zsmw &±m^e\ *!§^2h cf* ^3°ilL 

i&* B^S2| 7H|9 M|a| qnSilf Ht£S| ^*K>I| 5iCHA|, &7\ p g ^S^SS ^gShfc B*£S||«2] nS ^#^# 

M ash# ft Mc^^ ao| HHf5|*H=f. 

afS2| 7H|9 lHx| ^^^^[m ±J^, &7\ nS cfSotSol Al z Ga 1 _ z N(0<z<1) % ln p Ga 1 _ p N(0< p< 1 )S S*«f2, 

P S cfSoj-Sol Al x Ga 1 _ x N(0<x<1) 5! ln y Ga 1 _ y N(0<y< 1 )S &^o|-7i| s|fe 3do| a^5|sn^. 

S^, ^19 lHx| 7H|iias|-# aj.^^ u[s\ g-o|, »AHgg 77|^ £ ^ nS^f pSs| ^ 5j/£Et #=^7h ^s. n 

M ^S^BA PS ^#^t#S a^Shi, ^Ah #Ajg ^ e o| g^-AHg m§ & o^ gtA^ A |?|21 V f» Ai3hA| ? | 

2, §Ajun^ 0 | #e vvE.n ^ ai^. 

=?-^2\ »AH Se| »4hA|?|t 7^Aj S ^ ol°l4, ^BH ^A|-^ °tX^ ^# 7feAjg - 

0|2| UlJil^Oi, * ^SgAh*S o b7Ct . °= zp.^o| #AH*o| AH^ # ltfflA|?|E^ Z|§ fljlf, #AH*o]| g^TjLf 

o| *tA^ ^A\0\\ Vf2| 7Ci3h gj S3uH^o| etA^ gAHg- - 01 cK 

OlWfe S^A|A|^ °>A|o}, OhDhS CFS^SS SS^Ol &A^J1, #AH*o| g S AHBf pAj^g gAH^ #°| S§A4 

^xi-ajfloii gag 77|*|ni, ±x[ ^S(U#*aj, Vf, SSMigf »^A|?ictjl olsHgcK 

^ ^ig2| 7HI9 uHx| ^|1lSshS £J-E*II ^a^cHI 'chS^ft'oia- shcHE ^ah 0 | d|-§ 2#-^ o|ai-°| s|Shg 5j 

CHE 2ft o|ai- » g A|^ o|^-CHS ft^^, aj-7| c|- g a| g s. oj^sh s| S |. g y-E*l|#So| ahs ^ah 0 | c|-s£« Eh^ ^ShS SI 
E^|#S ^^7H°| =S 5}g3hoi ol^cngch 

SE&, e BtS 2) «I9 Ml x| XHIilSSh* ^aKH| alofAH, nS Mt^Si US|-M &|E^|°| s^3f, pS ^ftatSS ^P- 

ahs^ ashs y-£*l|2| i^o| Dl-scfe 5je o=| eh 7hx| c|-#a|## ^ah^ y-£*||°| ^ah 0 | 5J0I f°M, 

chg^g^ P s ^#a|#e ^ahoi « « oj*| 3h0i£ f£M ^a|^a| °>E^ a^# e!£E*|#°| ^o\ EE 

§9M. 

01|»*S, sgo| c+acfe 5!B ash* y£JNI* S^(01I»*S 5*h* 3S 51h#2j Srt s#b|, 

HH =^ 0 | c^s 5jg °|n|*hcK Ak 7 | -*|^ S2St°3 &c+. 

BfS o|| sio|AH, 3Hg S g-7h pS nS do| ^o| ahche *h# o|# BtTHI ^#=1^ 3do| #cf. 

ci^Pl, * USSI ^19 M|a| *]|liash# HE.M ^AhcHI 5Uo|AH, P S ^#s|#S ash# &|E^|#°| #^7h ^#s|#S 

^^^fe ash* BhE«S2| #^ Mc|- 3^7h USftai, Vf SI SSMI&si ^ah a¥ mn a^ohcK 

* «|9 M|a| fl|n ash* B.hE«| 4:AhcH| SJoiAH, P s ch#^#o| #^7h ch#^#o| w#S S^fich **o\± 

1# ^* 3do| 

cH^O|, g-a-Ssl 7H| 9 Mx| »Sh* e}5E*ll ^a^, n ® ch=Qi-#0| Al z Ga 1 _ z N(0<z< 1 )3f ln p Ga 1 _ p N(0< p< 1 )# a&Sh^l pS 
Dh#a|ftO| Al x G ai _ x N(0<x<1)sh ln p Ga 1 _ p N(0<y<1)S i*Mh°S^ fief #^ , Vf Sj ^* ^ 5i^K 

5E&, * USSI 7CHI 9 uHx| aHMia2h# a>£s|| ^xfe P S cf«Bt« S/£E£r nS ^#^ h #P| u Ji£9^0, ltS*a|,Vf 3! SSMia 

* »^*is sy^h. 



SE&, e as si «i9 m^i qna^s at*)! ^^chi sjchah., sgoia^ 5e cf§^§t asi ash* e}£*n#oii sioi 
>H, °J^5fe ash* <hsm s*2i fe£7h ch* aoi #:n, °iaa ash* a£*ii#oi °i£g° 

s, cfS^S #^*S £9A| ? ^ $cf. 5E&, aaft smsi ash* a£«ll«o|| *^*o| £§s|^ a^oii, ash* &±M\m 

cHI ah fe£7h c|» 4= jycf. 

5E£h^ BtSs| *l|9 m*| 7H|1iash* a£*l| ^^Wl SKM, nS ^S^S^ chg^g^°| i^o| c^ g^, ^S^S# t 1 

£§h= ^4^H2h p g i^sat* ^°h^ a^m a^hs #:n, uh^^tii^ sci uterespii^ p *i ^h#a 

«2| #4=7h nS ch#^#°| g-a^ 5j 0 |, a^e^, Vf, gsm^s) So] | Ai #cK 

£E&, * as oil aio|Aj, n fj ch#at#2|- p *j ch#s|-#:ah°| -4^ che g° n «j ch#a^#o| pSj c^a^ai l^uf 

Ch#4= 511 Jl, H^5|SH7llt C[W CCH * ag2| S3hS CH[ d^S|3hCK 

* ^3 o)| ?jo)A), nS ch#e|#i4 P gj ^#a|#°| #^7h c^ 3°, nS^h ps!2| #4=2| ^th^ ^S°h7HI *+g=|o| a|x|^ & 
AIEJ-, pg cfSo^jif c|-#a#2| #4^h ch=.7H| SchS, ofttiestfE #*ia, nH^5|*h7ll-fe &o|, pS ch#5|# 

21 #4=7|- n?j ch#s>#°| g^Mch 3^ 5!0| &7\ * B*g2| S^h* <*7|0)| H^5|S^. 



-MA| Se|) l£lga ttj-goj -M A IS E H 12| ash* a£*ll rfc^KLED :±X>)2| M-EhfcH 2A'**a EhS£0|ch. &7| LED :£X|~^ 

AhnholCH 7|tKD2| ^|o)| GaN£S o|^0)£! *||1 u\u\%(2), <2i£gS GaN£S o|^0)£! *I|2HE|#(3), Si £93 GaN2.S o|^0)£! 
n# ^ajM#(4), GaN#°^ o|^o)£! *||3t*|2|#(5), InGaN/GaN iE^xh ^p-^^. o|^-o)^! n# ^h#a|#(6), InGaN/GaNS. 

S o|^-0)5! °fxh ^^2| *^S(7), AIGaN/GaN S^^h H 1 ^^ o|^-CH^! p= c|-#sm(8), S! Mg £99 GaN£^ o|^CH 
p* 5&|M#(9)0| itM £H S H 3 -^* 3>fec+. 

^, ^A|^EH 1°| LED AknholO) 7|e(1)s| ^|o)| ch# °fx|- ^* ^^2| #^#(7)o| z\\ 1 uH n|§(2) , xH|2binig(3), 

5(4), ^|3uiH|S(5) 51 n= chg^#(6)°^ o|^-o)5! n * S°1(30)^h, p= ch#^#(8) 5! p* ?§|IS(9)°S o|^o)5! p* g« 

AhO|0)| 77|^|X|7)| SC|-. 

* ^A|g E |) 1°| gshs ^xh^ E10)| L4EhtH u^sf #o| , »^#(7)2| s^o)| , n# S^(30)CH| inS *l|iash* BhE 

*l|aj-(6a) SI ^7| sillSSh* a£*ll Bj-(6a)3t ^hB ^|2ash* BhEfl at(6b)0| ^Ssj"S(6)« S^jI Xl^h. ^7| 

ch#^#(6)o)| 5U0I/H, ^11 ash* BhE«|Bt(6a) S *H|2ash* el£*ll^(6b)e ^ ^CH£ *h# o\& S^*Hj1, a«|s 3# o| 
c-js a ^5j3h7H|^ z|z| xho) E 2 # o|^h ^SohJi th7)| 4# o|^ Ki^isi^ 5io| #ch. n # ch#^#(6)o| »^#(7)o|| ^oha| ^ 

«^#2| sis #(^*#, be^ a^#)^h eiae ^h#^#e AHnash* a£*ii^(6a) se^ ^2asi* a£*ii°i-(6b)a 

=4 5Uj1, n# c|#^S°| w# ^Soh7i| ^a-)|e|x| atfec+. SE*h, £ 10)|aH^, n ^ c|#^#(6)0| »^#(7)o|| °J^oh&| 

x|Eh s ajai^eI) 1 CHI AH a^| ch#^#( 6 )sh »a^#(7) A|o|o)| c|Ja n S ash* o|^-CH5! S§ ?^£^ & 4 1 SKh. £E*h, 

a^7| n ^ ch#ei-S(6)* ^oh^ smash* a£*l|Q|(6a) ?H|2ash* a£*l|^(6b)2| 5jO|£ *h^2| e^XI-ifr 100§^^il o| 

3h, a|^xj3h7i|^ 70S^:^il 0|oh, 7hS- Uh#5j§Pi|^ 50 §^^il 0|3h^ a7fl=!ch. At-Sj wo,o| BfJpslia BfS 2J7)| 

E^Jp»lia^af7| HHSOII, a^7| afatoil ^#3 xfli s)| 2 ash* £|£^l^2|SS^o| - o Jni [C ^ W n ± cfgaj-«2| S§ 

AjO| SS||5|o S ftA^cH ^Ah°| gag *tA^A|Zj - oi cK 

fll 1 ash* ot(6a)fe ln« Sh^^h^ ash* *VE.m , uhlh^^l^ 3S Sh#*°l ln x G ai _ x N(0<X< 1 )S ^s|S o|iH X7h uhlh 

2joh7ii o.5 oi*k 7 i-a uh^3h7ii xtr o.ioi^hoiDh. *h?d, Aii2asi* as*ii o«6b)t AHnash* as*ii o«6a)sf ^^oi cm ash* 
y-£*)i°i 5oi -iigoh7H *h§shx|^ °>x|oj-, as^oi #s *H2asi-# as*ii(6b)# ^s-a|?|7| ^i*h ^nash* as*ii(6a)a 

ch£ eH^a o)|Mx|7h E- 2?idt Sh*h* 5E-^ 3S4; Sh*h*°| ash* a£*ll# ^S-A|?jc|-. o|g GaN£^ oh-^ S*||CH| 
o| #S ch#a|go| ah &S -- o( C |. :c ^ w 7hS uh^^j & il,^ fl| 1 ash* a£*ll a|(6a)°SAH X7h 0.5 o|oh°l | n 

x Ga-,_ x NS olg^hni ^)|2ash* &J-E*II aj-(6b)SAH GaNS ^lho|ch. 

Uhlh^th gfEHSA), AH|1 3! Ai| 2 aSh* a£A-||^ W CHJz^ 3|l42| <^^A\m 100§^^S 0|3h, H^5|Sh7||t 70g^^S 0|3h, 7h& «h 

i^sWI^ 50§^# o|^ *hch. o|£h ao|, ^^ §J Ai| 2 ash* a£^|^ zj-ztai ^Hl» lOOS^^S o|3h^ xm §y 7H| 

2ash* a£*l|a|o| o)^ ^o| Eh-a gjTHI aj-^77|| o|3h°| a|^»|7h s| °s ^7?]^ a|^|^ s|-^ g^ah u|JHohoi ^|o|th 3§^t 

^ ash* as*ii7h ^ sych. °f^°i aj-^is 7o§^# oi^ oh^, ch#s^#oi s^Ah H^7h s\jl as^oi 

#7 1 iE^TCh H^^2| c|#^# ^| CHI »a^#S aSA|?|a, c|#^#o| HH2|£h #s 5|§§ 3hoi »ah #s #7i | ^SA|a 4= °j 

ch. 

a^isUH i& ^7| ahi 1 ee^ AHnash* a£*ii°t m *io\± °h^°i eias- «n se-^ ^ash* a£*ii °\m^ 

ch = £^ & =4 SJc|. oili-ggj, THUash* &J-E*II^ InGaN^^ shni 7H|2A|^3h* BJ-£*l|et* GaN£^ °i 3^, GaN#2| GaN# 
Aho|o)| fjxieh lnGaN#2| ^^|» »ah #0 )| °Ja°h^l s|fe $/HS ¥S7I| oh7Hu| ee^ §J=7i| sho| ch#^# « «o| ^a#« ffl 

ShA|7|7| IU«0||, -^a#0| ^BJS SSh3h^ #* S^S 4= Si^h. ^, ^^1^2.^ ^AH°| aA^7h £EAj ## S^°h^ 7£JL[ ^ 

*> S2|7h ^o)5!ch. o| ccH^cHI , oi|»#g BH|o|xH ^xh^h ^§ #3^* Ba^sht ^xho)| 5Jo|a| , aj. 7 | cfgafgo^ Sn|-sS § 

AHSKH B||0|7HS2| - ol cK 

5E&, AH1 1 5E-^ AH|2ash* &hE*ll ^ # 3Ho|£ *h^2| 3^ S^2| ^ah# oJa& A-||iash* SI£aH| °| a|o| SE-^ A-||2aSh* &h£*ll ^ 
Aho|o)|A| A|s ck=7i| a ^ 5?Jc|. oiissa, A-)|iash* a£AH|a|# InGaN^^ ohoi, AH|2ash* ej-£.*ll GaN£^ oh-^ 
GaNS^h GaN#2| a|o|o)| ^|*|oh-^ | n GaN#2| | n 2Eah# »ah*o)| a°h£^ o|-^ £aH,m ^o| oh7|u|- 5E-b ^?H| 3|01 , aj-^^S ^ 

Ah^o^ s^hi oh^ g^&h ssi*hji, c|#^# l|) «oii ojohah ^a#* a °h£^ aa^j°s £eah°| S A^7^ ash* a 



7| fl«H, ^7| *H SI *I2«SW- y£«l|oj-S 7I-S- AESsIjI, c*go|| zl c+g nS Eggcf. & 

7| S 1 *fl2«a» a^cHI t^tf g^, xfligste afE*||at°| fe£S>h *l2«Jt» 

n§ #3r# ct* ^ »c*. 

ci^o|, s ^a|«e|) ig, £io)| u^htH a|.fif ao|, «^#(7)S *|*|*1 #«o)| p * saf oil, Al* iftfe *|3?I4S ttE*||st 
(8a) SI ^| 2 ashS HH£*l|Bt(8a)fif ^ Sg* Sit *f|4S2|-S ttE* at(8b)o| p# ^#s|#(8)S Sitcf. p ^ ^#a| 

#(8)o)| SiOlAi, n # ch#°h#(6)^ ^SJSpHI x||33|StS £l£*ll^(8a), *H4*!Sh# HhE*ll s«8b) ZW* 5)o|£ &g o|# ggstoj 
3*1 3#o|a^ c|^o| 44^o|E2§ o|a^ gjsn 4 # o|^ ?j±3^ 5jo| nh&s|*hcf. c-j^ol, p# gajo||E. 

3°, n# CffO^fMcfE Sl-21 Bf7|| Sfc 3}0| £X|-°| Vf, gj7i|g#7h *|o|-o|-£4= oil go|3hcK £ 

1 CHIAH aoix|^ ^o|, p# ^#^#(8)o| #ah #(7)0 || gsw 3^, «g$2| ife S«§)4 gsfe p 

= cffwfS x|| 3 gh£«flHt(8a) SE^ zfl4SI2tS Bh£«|at(8b) S oj^ *M SI ^ flc*. 

5E&, * aja|SeH^ ^Hl 3 Si 4Ssh# ai-iJUiet § «|ol£ 5|L|e| °t^|£r e!3*ht *II3 SE^ *l|4S£h# H«>£Jt|*2| af^l^ ^2 
ck=£^ g- ^ SJch oi|##a, 7H|3^2|-# &J-£*fl^g AIGaN°^ ^ah^-IH s||4H£|-g e|£*||°t# GaN°^ ^Shb S°, 
t GaN#S a|-o|°| AIGaN#s| sj-^IS #ah±o|| g^Sfe 7i&|°| ^o|| cd|-e|. § 7 |-o|-71l4 s-b ^o|-t s|^^|S 71-g 4 1 2i°a 
S, aj^wos. ^S#o| ^3|s Soht §§ M&it ^ Si^K ^, Ajsjs}o S gAh7h oj- g £h = y E j|Sf S ^ 3^ 5!^ 

SSiaS3f7|-eoia^. ntat*i, 01ISSCH b||o|x| 4;X|2|^ *^i£||«# IfiSsfe 5JCHAH, o| a| °h c^a|fto 

s £nhs, ^iE||#S SSShoi b||o|7H #°| 2Ef 5§t 4= aich 

*|| 3 EL^ THKasi-S- el£*l|^ g °K4 se-^ g,^ a.^s| 3^ S^a| ojg & th| 3 SE-^ flKSSIt &E.%\ a|o|| aH aHs c|- 

a 4= SUc+. 01|»-&S, *H3S^S el£*l|^# AIGaN°^ ^^21, xiKSShw Bh£SI|ot« GaN£^ ^Sfe GaNS* 
a|-o|o||aH AiGaNSSl Al #ah*q|| g^o|-^ tH a| 7 h ^&o|| ccfah §7|-o|-^l.|- ghfc=l ^ 2JcK 3^, u|.<2f g 

o|, ch#at# lh^oii °icHAH #Sf§ sa^M Ajg^o^ ^^o, ^ A[7[ 2i - ash# a|£*IIS# - o(c K a_ A , # 

7h#o)| :L^^^ #|fS 5|-oracf. ii|-a.W , oil ci+ah o|B)e ^aho, gA p h 01 - s# pS *o|| u||A|« ^ Si^K 

*H3S2|-g tHE«|at(8a)fe Al* iSSfe SShS Bl£*ll , □^^jo|-7||^ 3S SUh^^J Al a Ga-,_ a N(0< a< 1 )S ^■AH S | Jli 7^ d^s| 
SWI-& aSto| 0.5 o|o|-oj ai 

a G ai . a N°^ aSiB 0.5* a °S SSAH 0 | L.^u^i h?h gj^o| So|«Hx|fe 3Sfo| SjcK sm, *fl4SShS &}E*II ^(8b)^ fl|3 
SSI-S BJ-E*II et(8a)af ^ah 0 | c|.= as|.g y£*ll^o| #m *o| &ss|-x|-^ sJ-^lel, S§ah 0 | #g xi|4Ss|-# BJ-E*ll(8b)* ^§-a| 
?p| ?Hl3as|-S BJ-E*II^ ac|-E 6H — ^ o||Lix|7|- ai-s 2 §l SE-^ 3S! Sh&Se! 3S|-# BhE*ll* o|g 

GaN^^ ^SA|?|g S*I|aho^ §§^o| #s ctsatsol Ang-*h 4= ojcK c^W, 7 |-& d^5j*h ££#o^ t *||31!^S ehEJtflst 
(8a)o||AHo| a gj-o| 0.5 0|o|-oj Al 

ci^o|, 7H|3Ss|-S eh£ai|B«8a)2| stalls 100§^^^ o|oh, u^xi SW |- 70 gAE f 0 |o|-, 7|-& u^xj^7i|^ 50§^^§ o| 
fief. SSI*WI ^l4SSh# Bf£jN|at(8b)2| st^>ll£ 100§^M# 0|oK u^3i^ 7i |- 70§ ^es 0 |«K s|-7||-^ 50 

S^Mf o|o|-s eJ-cK o|£f ^-o| ?H|3 SI ^l4as|-# &>£*l|a<-2| a|^|» 100§^M# o|o|-s ^7| &>E*l|s| ej-ah 

ojTll^-^l 0|oh^ fi|t ^IIS AH§-£|t SYOII ^77|S a|^|M AHXh E | J= g°2| H|ja^O| a§Alo| S 2h# &h£^|7|- AH g 

a ^ aicf. ee&, ataiissi as^oi #ohxi°^, P s s^h&a^oii ?H£ioi ^^7^21 xiagoi P #oi ^ 

0]X\JI ±X[2.\ Vf, gjTllS-S-Sg Xi3|-A|^ 4, o(c|.. 

fl|3a5F* &l£*ll a|(8a) SI *l|4I!s|-# eJ-£*l| s|(8b)-^ £f 2!£Sf t 2,^ pM M^#o| sga Sbl^h. £E°h 
c^i^ e^o|| P S *e*o| £SI ^ Silcf. ?H £|o| fe£7h pg# ^7| ° I §H M S^^9o| 7^ u^^ch 7^ sd^i -a 
^¥-^1* 0.1 /an o|o|-, u|-^o|-7i|-^ 700§^^# o|o|-, ach u|%5| 50 og^^s o|o|-s. S-cK °^ a 
^o|| p« Egsfe 3^, x||3S4« B>E«I s+(8a)a| p*| xd|4ash# a|(8b)a| p*j fe£7 h 

0|Ako| AJ A | SeN1 o| BIE*II^7<|^, p* g«(40)0|| p* ^gBtS(8)S SAH&0||£ #^-oHE, * « a wg 0|^CH| &SS|A| °> 

jl, E2o^| qxis ao| p# ^#^#(8)o|| DHiM^oi ass| p = #s||a#(l8)^ p* &a|M#(9)o)| °|*H p* S^(41)o| 

^Aj£|cK 

S§oi|o|Aj-o| AjA|gJ E || is LED ^a|-s oils tfSSUl! al°L4, Hjgs 0 |o|| &Se|a| sf^X al|o|x-| ^o|£eecH| wa^^ ^A|g 

E H 154Saea547|-eO|X|=SC|^0| 0|Sh2| a§0|7|-^ohcK 

m, LD 4:A|o|| SicHAi, 01|##S n # InGaN^^ o|^-CHa| 7H|1SS|-S e}£*ll ^ GaN°^ o|^-CHa| xh|2SS|-# ej- 

M »if£^ ^ahs| 21j a^7| ^ns^# &}£^|^°| a^^lt »ah #0 || 7^a|°| ^o|| cc|-B.h ^^sjo S ^ 
aheicK n# o|s>h ao| ?^S£S*| n# ^#^#o|| SjcHAH, »^#o|| 7h^fl Soli h|-bF GaN ^S#o| a inGaN^I 

#7|-A|7i n # cff4iS »ah # cH| cHfi 7i£|7h a^fioll c^Bh ^S#o| S^fecf. 

5E&, LD ^x|-o|| SicHAH, p ^ c|-#si#s, AIGaN^^ o|^cHaj »||31!S|-g &fE*H^j4 GaN°^ o|^-CHa| jh|4SS|-# ej-g Al 

S ah os "t^ah s.| m , ^|3S^# Bf£SI|at2| af^|# »ah #0 || cH& 7]a|7F ^^&o|| cc|-&h S^aho^ 3 gfo^E* ^ficf. 
p= cfi^if o|£^o| P# ^S^#ol| SlltHAH #ah #0) | 7 ^|?J Soil n|-ah -^S#o| ah° A IGaNS| u|## a^«|?| 



m, p= ck#°m# 7h77h^| Soil ccl-ah #*j#o| ^jq^ms^ SSf SAff g°jiL g - ojch 



oi#3f aoi ld ^^t, •m^iseh isf aoi, ^ mmm ivem&b\ as^t e 4= si° °s, swis^s &a|oii 

5E& LD :£X|H=r U|A|S^ ^gs| °! p ± c^Bf SL^, ttg$0|| 7h77W Soil n*S> #SSO| ^*|7fl S|t #S 

s 34i ^ #oi a ^ sj£H^, #e s^e ^ acn, ehioijh^si a=s so|si-7ii s^-j°s sg& ^ sm. 

o|^2| ofls*l LD £*U=, xh| 1 ee-£ *|39a}« Bh£«l|sts| at^»||# HSWSoi s|«fl SI ^#s|#S gAffo^ ^ 

s atS€ o|5icH| easl^l Sfjl *l|2 Si *Ua2h* Bf£*||at2| ^¥^1* S*h SSI-Aigio^ ^a^#o^ *}■ - oich. 

SES-, BJ-g 0)1*1, 5E-iir ^|2S£h* ej-£*ll ej- §5jO|E 3^ S4:2| *l| 1 5Eb 31125121* &_KE*|| ej-j^ 

3^ SiLal ^* ^xF»o^ g^A||)o S *| ^a#2| 3^* z±j=s *(- - o JcK o|#*g, *l|l3shS ehEJfflet* lnGan°S =?■ 
&t>[Jl x\\2mmm <SiSM^9 GaN°5 ^MSSfe g^, *||iashS ei£*l|^2| , n o| a|## »^#CH| aeSoll ^ BK>M£- 

*kh, #AH #0 )i 7^ gem cLh^h ^a#s H7ii« ai:a, ^ss^i §Aft ^ a^# h^jhis* - E 

*h GalnNcHI SJolA-1, | n ^o| #7h&o)| n|-ah ^S#o| 5H£lck 

5E°F, p= c|-#ai-#o)|AH-^, 7H|3 EEb AH|4^Sh# sjcHE °!^2| 3^ $i±s\ ojgsj. ^ 3 a - *||4!lS|-§ aJ-£*H^I 

Aho|CH| AH c|- = ?|| g-o S ^j gA|-=S ij<w*i- ^ oi cK o^|#-&a, *l|3*!Sh§ y-£*l|a|# AIGaN°^ ^ahsI-ji *)|41!S|-§ <&E.m 

atS GaN°^ 3?, GaN a|-o|o|| AIGaN#2| Al =Eg§ SMHgcHI °!atKH| cc|-&h S*h WlE^ ShOi p= c^afS 

l-h^chi aic^AH ^sf§ sshAi?ini A ji»£s aAh7h o(- thjEsisi m&m ^ sj^. ath, ai^ah 0 | 

oil ixha^ sfofflcf. ifaW ^o)| °|3hoi, o|ei& ^aho, SA ^ 7h oj- ss p#*o|| u|x|# 4= SUcf. 

•^aiseh 2 o|Sh, 5. 4» shoi, -a o)| S?hiWA|SE|| 22| ash* ±*Wi tHsU 4ia»cf. 

as oil S&aja|Se|| 2S| ash^ &J-£*II Iflol, ztzts] ^^H°| &}£*II#°S ^-ahsi n = g«(l30), p* 

S^(140) S! &?\ n* S^(i3o)3t P^ S^(140) A|-o|cH| °W ^# ^ze°| *ah S(7 ) # ^. a | & c iM S||E||s^S2| fgf 

# rtA|-o|cK 

2.c[&Mmn, ^a|SeH 2CH| :c|-e l!^* al£*ll 4:X|-0)|AH, aj. 7 | n * g« (130)^ £ 4CH| £A|e| a|-S>|. ^ho| , NH|S(102), 
GaN#(103), #^^« i&^fe n= ^aj^#(4), M&o^ n ^ ^H| 1 c|-#sj-#(105), y-E*l|aj-(106a), 

^ AH|2SSh# BJ-E*II 06b)^. o|^-CHS «|2c|-S3j-#°S o|^-CH^IcK a^| p ^ g«(i 4 0)^& ^#a| £E-^ £l-#°^ o|^-o|5! 
P^ #^HS S(108)3f Mg £9 p^ GaN ^a|M#(9)^ ol^ofa^. aja|^eH 22) isft Bl£*l| ±fcxH»| XlolAH, n ^ 
(4) *|o|| nS^(12), p^ §a|Si(9) *|oi| P S^(11)0| zj-zt SSacf. 

ci^o|, E40l|AH^, P i #BHS#(108)SAH, AH| 3 ash# BhE«l(108a) S! ^Uash* BlEJ« ^(1 08b)7h »SS a^s^ o}| 

5 Wao|| 9iO|Ai, A^ho|0| CS, RS SE-b ASS fS25 SAhnJolo), o|s|o|| ^e!^(MgAI 2 0 4 )2h ^ S^ah 7 | 

6 SEb SiC(6H, 4H, 3CS 5fS), Si ZnO, GaAs, GaN #2| «_KE*|| 7|=h# o|g*i- ^ 2jch 

^ ^-Sioil SicHAi, u -|tt|s(i02)e Ga d AI 1 _ d N(db 0<d<1)°^. o|^-o|^! ash* Bl£*lls . AI2| d|#o| SS^oi 

S^3pi| 7||Ais| hs Alo| ash^ atESfls] A^#o| uufsis^ cl:^^^A^ biEi=(i02)S flfi #a^Ai GaN2| Ah#o| 7I-S un^s| 

Al-7| MD1#(102)2| at-^^lb 0.002 L-H A| 0.5 A m, Hh#S3pH|-^ 0.005 0.2 A m, Mcf- «|-#5|S|-7)|-b- 0.01 uf|X| 0.02/zm2| S^|^ S 

S&cF. Hfl#(102)2| a|^|7|-AP7| ^f|o|| Sllcffl, as* &}E*I|2| as morphology)7h foW2, tJiiiiS(102) ?|o|| 

^g-^m ash* &i^i2i a§Ajoi 7H«sc+. 

HiE)#(102)2| A^g-s E - 200 l-H a| 900"CO|J1, HH^2|3pi|-^ 400 800°C2| go|^ ^g-s £7 |. a(. 7 | w°.|a|.oj Ak 7 | 

Biu|S(i02)S #^ cfasol s|jJ, ^7| ^a§§ §I§°SAi A|§^o| Hiais(io2) flo| Aj^s)- BhE*fls| SSA! S # 

Til e ^ stick 

SE&, 0|2h SOI Ai^CHlAi AHXI-Hj^ UiH|S(102)S 7|eS| S*, ^S^e #0I| CHSHAit AilBt^oiE #ch 

^S, * -MAIS eh 20l| aiolAHb, GaN#(103)^ gSSfc Seh nS S7|-^a| ?>Jl ahw-ai^i i 0 |cK t^if|#(i02) 

-^H CHI #7 1 GaNS(103)« AHg-A|?|Gj QaN#(103)2| S§ah 0 | #P|-a|J! ! QaN#(103) ^|o)| ah§-a|^| n ^ 

SS(4) #2| S§ah S *(- - o JcK oj ES GaN#(103)2| O.OI^m 0|^, uH^5|*Wlt 0.5^01^01^1, S.c[ u^s|Sh 

7ilb 1/an 0|Aj- 0 |ch a^ 7 | QaN#(103)O| a^ 7 | rngs] at^oia, GaN#(103) flofl AHQ-S)^ c|°> 

°h SO| #e a§AH S 7 ^ s - oi cK GaN#(103)2| °t^|o| cH*h 4^eMlfe ffl^o|x| p^oo^ m §H|X | atS«>ll£ # 

* aA|«E|| 2CH| SjOiA-i, a&ohb ^M#(4)b 3xl0 18 /cm' o|#_ h^5|S W |-E 5xl0 18 /cm" 

0|Aj-o| a&thcK o|2h z>o| n*i I$tf «o| £9^0i ^ 7 | #s n * aaiEiog AhgShB , Vf SI eJ?ll3^* ^^a|^ 

fe£7h a^i wo| f gjojui-a vf7h7H°| ^ohx|x| ?># 3do|cK 5E&, §m§(4)S, n?i ^£7^^ S 

§ah oj^gs] GaN#(103) flo|| SaheIS, ni^£2| n *i S^IKXIE M^-^ni #^ l§Aj§ 7 ^a 4" 5«cf. * tttSol 

n= 3ehe* ( 4)o||aH n a #^#2| ^E2| A^ h# o_h§3hx| ?>^#o||E #e ^^M#o^Ai°| 7|^S z>-s a§ AHg M 



^3p| 8|| A] Aj. 7 | AJ & ° 5x10 



21 /cm' 0|ShS °K= 3I0| HHhS|*hC+. 

aj-7| ^ajM#(4)-^ £FSS|*|-£ °J-x|oh ln e Al f Ga-,_ e _ f N(0<e, 0<f, e+f<1)°^ =t= Si^K =LB\i-[, GaN 5E-^ 0.2 filch 

HX| Al 

f G ai _ f NS Af§jfoi si^sha asatt sfe t^*ii#oi #oi s^i wojsj - °i cH = oi^ 0 | su^. n# sa^s^m 
es=i*it s^°s s^oi sj#s|^ mioi^s *n3*h=s, n ^ ^m#2| 0.1 m^i 2o m , ^[m^M 

7114=0.5 mx| io A m, 3! fiicj- a|-^Ai3pH|-^ 1 l||a| 5 A mO|ch #7 1 n # ^a|M#(4)2| ^j=*I|7|- aj 7 | gjfl uH cH| StlchS, x]%vo\ ^o[U 

^ 1>^a|-°| -g^gt Ajo^ up|| *(- - olDK 

SE&, 5a|H#(4)s, ^#°H= n ^ *i|2ch#^#(l 05)* H|m*! A^fe ^SfS 

^ aich 

ch#, ^a|^e|| 2o\\ 9io\M, n * ^l1c|-#°t#(i05)S, zm chB feEiH nS £S=l£r ^oiE ^ 7f|°| UShS 

m i&oht w#^^o|ch o|nH, £jo|£ ^ ?H°| £j-fE*l|°t§ MS. che z|z|°| m=ao|7iL4 ^ &ch 4^1 

n= *M cJ*atS(105)2] af^lfe 2 A m o|«h u|%s|*l7]|t 1 .5/unO|«h filch u^s|«|-7||-b 0.9 A mO| o|-o| ch. n = *l|1 ch#s|# 
(105)2| a,^|7h-^7| BflolS, ^ h «^ol S^H ^ 9icK JEfi *hfio| SSs|*lfc 8MEh 0.05/an o|^o|cf. 

At7| chg^gg T*g*fc gsh* e}£E*j|#°| a)s ^-7h c^ 7jt s^£go|ah §oh:n, o| g^, °H*#o| f^ff 

s|x| °>e ^e||, s ojtgol d^SK*. 

£E&. ^lich#s|# (105)0| a^ m=g o\\l-\x\7[ sjoifiE 2##a| ash* &h£E*l|#S ^S^ol o|^oi^ c^at°! a 

n= *l|1 cf#^#(105)2] c^*n|*g =j*£Sfc hh^th o||Lix|7h B §Sft &}£E*ll#(105a) S! H Jl^a o||L-|x|7h ^Sh# «J-£*)|# 
(I05b)s| aj-^||t lOOg^SM o|oK fiicf HFaaishTilt 70g^^M o|sk 7|-S- u^opii-^ 10 m*| 40g^sg fflfls) °^^| 
S SSficf. 100g^Sg M^££ SH^a ol|Lix|7h s gsi-it Bh5E*IIS S H Ji^ 7 J CH|Mx|7[- &l£*ll#0| oj^g. 

Aj -7^| 0 |Ako| 2)^7 D4g D ||o H bh ^ ss s& o| y-^ol golffl- a&ol »icK tj =a 0||MX|7h & Bi"fE*flS, 

SHf=a oi|LiA|7h S5h^ W£E«ISS| H^JHS\ 3h*hs ^gspil assist SWeHSxre o|Aj-o]| sngs^ ao|7Hi4 fi^ch H^ 

^7|2| aol x-111 cfSHtS(l05)fe ^>n\7[ 2^ ch#e| o|^oix|a, ch#^#S ?-^o^ SJSh^ Bh£*||S 

o| Eh-aejTii^i oism m ^ sjni a§atoi si^sia mmw ei£*ii7h as«t aici-. ci^oi, #71 ch#^#oiiAi 

7|B°S^e| GaN#(103) 5! e§|H#(4)S §s|o| SSSfi cHfi^ 9§tt Sim, ch#^#°| f|o|| 

«Sa n* 7H| 2 ch#^#( 106)2] SgAH # #7 i| & =^ SJch. d)^o|, HEMT2|- ^Mti S^E 511 cf. 

ffl=a CH|Lix|7|- a- ^£S||«(105a)S, AIS 5ff«tt ISH Hl-ESfl. "H^s|*WI-b Al g G ai _ g N(0<g<1)S ^&a|7J 

£isx-ii7h Hn^5|*hcf. ea, m =a chi L_ix|7h ^ mmm efsandosbj-b a =a oiim^i^i- ^ S2h# afEsiidosa) fiich «h 

= a °HL.1*|7h assNls oI^-cHxie^ oht ao| «Hhs|*h71l-b Al 

h Ga 1 _ h N(0<h<1, g>h), ln j Ga 1 _ j N(0<j< 1 )2|- ^ SUhS, SUhS^I S£|-S &}£*l|7h ^&op| go|o|-Ji £E°h S§^o| # 
° S0| ^OIScK zl#ch|£ «*| u^xjspil^ m=a CH|MX|7|- s HtES|(105a)-b ^3^°^ InS &^a| A l 

g G ai _ g N(0<g<1)°^. ^=13, «H^^ oj|Mx|7|- a^h# al£*ll(105b)-& Al# &^3|-x| °>-^ ln j Ga 1 _ j N(0<j< 1 ) 
2S?«acf. 0|§CH|£ a§AH 0 | ch#Q|## £7| ^IbHAH^, AIS| ^H|(gSt)7|-0.30|ShS| Al 

g G ai _ g N(0<g<0.3)ah GaN2| ze&o| 7|-& a^s|^. 

SE*h, n= A--IM c|-i^#(i 05)7|- #^|# ij 7||a|Ol^fl|So S Ahsa ^ #EH^ 3°, »^g2| figficfs 

fiiii — o\\l-\x\7[ b mmm &E.mm mo 7| .o icK ci ohmxis ^ y-E*ii#BAi sgupi-ci a 

sh# &l£*l|o|cK #BH Al ^ah H | 7 |. ^° ss|-# y-£x-||S aj-^|s ^S-a|7|°1 HS|o| go|o|-7|| y-^op| m^oH S§^So| cHEi*i 
cK ziBH^, $ as o)| :cha n ^ x|| 1 ch#a^#(i o)» ch#et#°S n<£ , ch#a^#§ ^2| ash# el£*ll#(1 05a, 105b) 

S Al ^Aj«|2| D|i^s ^o|£, E^°j7||at^| o|a^o| at-^|s ^&s|7| ccH-S-cHI aa|o| i^&ch o|Bi*ho|^^, Al 

al^h^e SS^o| ^s-A|a°s*| aWfllS, Wfl S^s ^tm| »U, aliolxi ^x|-ch|aH^ gj^ll LED rfcxfofl 

AH^ Vf(^^& Sfif)» Ai3hA|^ - OICK 

Di^ol, a^ 7 | n * «|ictsats(io5)2| BH=g o]|LiA| 7 |-a sjsh# ehEJtflS(i05a)2H!!!sa ch|Mx| 7 |-a^ ashs el£*IIS(105b) 
Aho|°| c|-s 3j 0 | td^3i^cK o|Se £9o|ahni §oh°^, *h^#°| uh#^l 

opu^ t^ti sgsw ?>e ^((eiES)^, fEgaa, swiss*, vt ^sh^ 4- sich. oi^e ch# 

□|# L.H CHI ^ Ap| *o| SX|-0|#^7h #7|-op|0|| S3|5|0|2 C+SBJ-*0|| fe£7h 

#E ^A|0|| ^AH#o^-| ?H &ICH ^E7h^e Ch#^#°| ^AHg *tAtA|7|7| ttH^O|ch. =, M^S ^£7h ^ 0|^E7h^^ #, 
^£71-^21 7H3-I01 fe£7|-^#0| ^A|0|| #aH&0|| o|SH ?H H-l Oi ±^7[ 3 Jl 0| ^E7h B #0| #E||^#o^ ^^o S> 
2J7|| g°J, Vf2| A-lohCHI 7|0i&DK 

BH=a o||Lix|7h a- S£h# ^£S||S(105a)o|| nS t$t§ Bo| tgoht S^, ffl=a o)IMx|7h s HtESlS(105a)o|| "h^ 



M& tgim, 1 x10 17 /cm' MIM 1 x10 20 /atf, MM um^nn^ 1 x10 18 /cnf MM 5x10 19 /crrf ffl^lS 1 X10 

17 /cm' MM ^S, 0)|L-iX|7h 2J-e &J-£*|IS3t2| *|-7h Wi, ?H EL| Of ^E7|- g * 0 | <*CHMfe g*tO| 5E& 

1 x10 20 /cm- MM 33, ^ *|-*||°| S| a. 2#7h «oW7| 4I§ 3»o| tffl, BH =a o\\L-\x\7l*^ ™mw Ht£SflS2| nS M 

&m bE-b chi M^i^h & si at* ^e*hi#mm *m aoi #m, m^mmmih=t 1/10 oi# *re aoi hh^^m. 7i-& u^si 

«Wlfe 2Eg°hE o|#£7h 7hS ^ #o| ^01*1*16!-, ^»\\7t MY ? u 'ofAi mns 05a)fe M =a <»IMM7h b 

SM-# &J-E*m°SYM uh «s «K+s|fe 5!o|Ji, ^7| #b#M °m 1 x10 

19 /cm- ol&ol u|%*|3hM. aj-71 nM t^IS^, at^|7h Si, Ge, Si O ^7|#s *l| iv B^, VI -Mej ohi, h|-^M °h 

n= Si, Ge, SS ns! &M. &7| M-gS, H J!^ o\\l-\x\7[ B gjff BhE*ll§o|| #b-&S *jvH| m=?y cH| M 

*m ash* hiejsiisoii #£r#s atoi Eg*ht gfs #M. 

o|9, M#M-«o|| SSSEgsfe S^l M°KH « 9*^*1 tt, SH =21 cHIM^I^h & ^Sh# BhE*«(105a)^ H Jj 

=a oiiL-|x|7h *m ^nm a£«i«do5b)2i #^#m a 4- sum. 

M^o| n * *I|1M#M#(105)M ct*at* ^^fe Hf£«ll«(105a, 105b)cH| 2Jo]Ai, M^#o| jl^^hL SS, fll 

g*8# MM e*Ho||AH fe£7h 321 ^o|| AH feE7h *jvH| H|fe 3i(aHh5|*Wlt £ES)o| M 

^*||5)om *i?go|-S, oilSSS, nS M£#^fe Si» EStt AIGaNM- ejESS GaN#°^ M#MS# S^^-b §¥, 
AIGaNxz- SiS ESf iS°h£l^ Egms mMMMel, 3*hfe i6!!-ao| AIGaNMM oj.° GaN o| HMSM. GaN 3 

S §cH|b EM ES^x| °>7| ccH-S-cHI, ?H£|CHb ^*H>M ^^£|x| 5!o|M. o|BH& o|WS, GaN 2 

9 oil M A Jis|2£ 9?<l- o|§iM So|3pH| 4» 2JM. o|aH°!- 2 *hS 7^ch|ah ?AA ttM°\h. 

o|S£* SS a-»o||AH M ^7i|3hoi xH*^g d ^7H| ohcK 5E°h, ffl=a CH|MX|7F S AIGaNS| g-feig^ofl nS lfe££ 
sgshS sa|-7h M^ ?H5!M. S, GaN^cHlAH o|§ohb AIGaNCHI nS o|g(o| 3? Si)a] tH+dl al*H st^t 

5!o|M. nam, AIGANSSl q-^l S-SWI cHe eiESShS Sis| gKHI GaNS^I 9a|- o|#E7h *t 

^11 ^ 2iM. 

M-g, n* ^MMS^S(105)o|, i^ai ash# £}E*ll#o| ^#h)(H o|^-oix|ni nS M^o| # Ho\o\\ M 

n* n\ MgatS(105)S SSh# y-E*H|SAHb, fS9 5^°S &S=|b 5!° ohu|x|qh, z&£°! 5Jo| #01, u|- 

shxiaj. AH^^-b GaN0| ?JM. n ^ fll 1 c|-#sj-#(i 05)7|- GaN2S ^9s|S, 2S! SHh#°J GaN-S- 3S! SUh^^ ecu S.c\ SS9o| # 
7HI «&t 4 s 2Joi |a[5|2^ Bi-Stfls| SS^cHlE 7|oi*i- ^ °iM. 

•& -Mailed 2 cH| SicHAH, nS M#a|#(105)b S,^o|-b GaN°^ o|^.cH5! &J-E*IIS(105a)2f SSh* &h 

ES||#(105a)fit M5 feEI §>b GaN^^ ol^-cH^! ash* y-E*IIS(105b)* 9gs|-oi cf§°tt o|g*i- ^ siM. o| a 

° , asl-S eJ-E*ll#(105a, 105b) § M— &#o| elEStlb 5io| nHfs|s|-D|-. 

o|2H g-o| M^SM ESlfo| aH^ c[^7]\ y & 2#-W-2| &}E*II#°^ o|^.o]^ nS ^MM#^# 

So|goha|E, sH=g o)IMx|7|- cfaji ^a|ch| Egg «o|£ 2§^a| ^9=! n* *II1 MS^S(1 05)s| affifias 

s^S s^7|-^cH5!M. 

nS fe£t 1 X10 17 MH x| 1 xl0 21 /cm ! , u|-#5|SWI-b 1 X10 18 Hl*| 1 xl0 19 /cm", fief- u|-^5i^|^ 3X 10 18 m^l 7xl0 18 /cm" 

o|M. SE°F, ea-So)| 2JCHAH, nS 1 M#^t#(1 05)M a|^|-b ^l°h7i| °h§E|x|-b P^of, 1000l-Hx| 40 oo§^^#, u|-^3pi| 
b2000 m*l 3000S^^#°^ &M. SE°h effotft ^-A|oF-b ^SS| ^^|b 500Sr^MS 0|oh, un^sj 200§^MS 0| 

3K SM uW5|*Wlfe 100S^^M o|ohs &M. SE&, M#at« t 1 ^*^ ^S^l oj-^ls] s^FS &Ss|^lfe 1 

S^S o|^o S 3!o| #ni, 10S^S5 o|ai-o^ 5j 0 | u^5|shcf. &7\9\ ^ oj-^liaha, 3§9o| #7i| ^ °j 

ji 4= o(M. 

SE*h, o|Ak u|.ef g-ol, uH^a o)|Mx|7h M = 7HM ££b §i 5^oU SE7|- MB 2## o|^s| o|^-oi2 n* 

7H|1M#^#(105)S n* 4= a/IM. o| gf, n* ^l 1 MS^Sd 05)s| MY^Ib 0.5 4 m , n^s|Sh7||-b 1 MM 3 

Am, MM Uh&5|SWIb 2 M A| 2.8^ &M. 

n* xHMMsMS(105)a| aj-^l-fe 97| *JOHE 2#^ o|Ako| &j-E*l|#o| ^ a/£Efe 97| 5j§S mnm a J 

gallon °|sH sggef. o|S^a| nS *fM M#^#(105)» H 1 ^^ M isft &E.nn fife, 97| 
§>fe u 4 D 4f2^ 4= £Efe S*H| M^I^F nS aj&sfc- nS 1 M#^ h #(1 05)cH| M*H 9#S «^ 

&o| 97| Htf 9|s| a^la^SH M ^fllfe 5jo|E 2##a| SShHt Bhstflst 4=&h ¥^|CH| a|*H 5§i 4 1 SJM. 

* aA|«E||cH|AHb, £ 4 cH| MEM uhfih go|, #9 #( 7)o| s^oji o,^| & n * gajd 30)011, mf i&o|-b xHligshit BlE.*ll M 
(106)3f 97| xiMSSh* H.te*|Ht(106a)3f MB £E9« 3ife ^l2SShS alE*l| B+(1 06b)7h »#S nS *||2M#M#(106)S atM 
^|2M#^#(106)cH| Si M A H , afliashS ^(1 06a), ^I2ash* &HE*II aj-(l 06b)^ MM s)o)£ o|9 g^s|o| 2 

§ o|9, HHh5|*h7llfe 3# o|9, MM- u^ohTllb MM MME 2# o|9 w#3^ SxHI 4# o|^ w*^b 5}o| h^^i^M. 

X||2M#M#(106)0| ft£$(7)0|| Soh7i| Sah E |^ # ah #(7) o| ^b &^#)3H S^hfe #^ AH|i^Sh# ^ 

E*IIM(106a) a! *U2H2HS SE^|M(106b) # M— «ma 4^ SUjI, nS ^|2M#M#(1 06)M MS^AHfe °J°|M°^. ^iM H S 2J 
M. E4CH|AHfe nS ^|2M#M#(106)o| «^$(7)o|| S9MMS, nS ^|2M#M#(1 06)M- #9#(7) al 0 |cH| MB 



-Mais eh 2CHI SicHAi, n ^ ^2^5^5(1 06)cHI Sio^, aj. 7 | m^mim ei-£*ll at(1 06a), EE-^ ^7| *l|2a£|-# £J-£*II 06b) # 
»CH^ *H*°| ai^-^l-^ 100g^^# o|3hs °H= 5}o| u|^5|s|.d|.. seeF, ac| u|%a ^MS^# at( 1 06a) 5! »l|2SSh 

S &J-£*l|at(l06b) 100§^5 o\s[, h 70§^5 o\s[, ?m uUta 50§^5 o|o|-s e!-cJ-. o| 

Sf iO| Ot^# °t 7i | ^o SAt | n * X)|2Ch#nt#(106)O| i£2|X|- ^-3E^ S| O) n * *f| Q^#(1 06)2] 3§Aj # #7i | *(■ - o(oo 

o|2f^o|, #7| n ^ ^|ic|.i^- #(10 5 )£h a^ 7 | n * xfl2^Soj-S(106)« ^3=1 SMI gJ-#*S|§ fic| &#a|z] - 

SfSSiKVf)* Mcf x)ohA|zj ^ oicK zl o|^-b ^-°goh7H| SsHa|x|^ ataxia, *l|2^#at#(l06) floil #-g#2| 
iS^t Mcf #?|| a 4» 5U7|nns°s «ztScK 

B*£*|stS In* it^ a*hS H.h£Jfl, uHt5|*h7]|fc ShttSSi ln k G ai _ k N(0< k< 1 )S ^gSHil, cm u\&mw\ 
k7h 0.5 o|A|o| !n 

k G ai _ k N, uha=l*Wlt k7h 0.2 0|A h °l |n 

k Ga,_ k N°^ ^g&cf. &B, ^|2S2h# HJiSflote *l|ia£h# aJ-ESflotat =E£0| cfe Ht£S|7|- #01, »g*M| egs|x|fc 

awe*, as^oi #e*ii2asi-s v^mrn -as-^i^Pi ^isha-i, smasi-# si^-iia^- bheesi chimx^i- ^ 2^ si-s-s 3?!± 

2|-*h#°| a^hS <&E.mm g&MZlzl. n= *I|2c|-#Q|-#(106)cH| 2iCHA-|, *l|2i!2|-# 06b)-i= u|%s|SW|-b In 

m Ga 1 _ m N(0<m<1 , m<k)^ ^SKII, S§ah 0 | #g ^#a|## ^-l *H aH 7\& uh&5|sw|fe GaN°S ^g&c*. 

cc|E|A-|, ^111 SSh* k7h 0.50|3ho| m 

k Ga-,_ k N» A|.gsh3, *f|2as|-# at° S-b GaN^ cj-. 

ci^o|, aj-7| 7H|ias|-S &l-£*l|at(106a) EE-& &7| *l|2as|-# ^(1 06b) § *jOi£ S|-l-|.o| a|^|^ ojg^ 7H|ias|-S y^x-ll 

at(106a) EE-& n\2^nm B}E*l|sj-(106b)So| aHs cJ-MTiM- S"OhE #c|. 5E*h, at^|7h °J^& aHs d|-s fflfll 1 SSh# 

ej-£*ll^(106a) ^l|2SSh# y-£x-|| °t(1 06b)# 5°^ 5jS& g^o||, ^f|2SS|-# ^(1 06b) 

(*l|13£|-# &J-E*l|sj-(106a))S ^IS ^l1SSh# &E.n aj-(1 06a)W2SS|-# ^(1 06b)s| aj-^Ph a|s c+a^-b 5l# 2|a|eh 

x-)|issh-g y-E*l|at(106a)« InGaN^^ ^3^, x-)|2SSh# BJ-£*II 06b)S GaN°^ 3^, GaN# A|-o|°| 

lnGaN#£| af^Ph »ah #0 <| ae°hSAi a*fs ^^|x|^u h ee-^ SfoK§|o)| °|sH c|#a|# uf|^o| ^^g 0 | ^2^7| msoil, -M 

a^°^. #asoi Bishop s^n- ^ ?jcK iasjo 5 ^^o| aA ^ h oi- aSh# BiE«iis* 

4= SJ^h. o|B|& ol^-s., EH|o|*| ±x[s\ g-o| S-Enl-S* 12^ Sh^ ^x|o|| SJcHa-I, aj-7| c|-#e|#cH| £e|-^* S^3| 

SES-, 4h7| *||1 ash* &J-£*l|at(i06a) SE-^ ^7| ^|2ash* &E.m a|(1 06b) S ^ofS. o|^ 5|l|2| 3^ 5&^o| o]*j°!- 

&J-E*l|aj-(l06a) £E^ *f|2a£|-§ a|(i06b)2| ^» al^h. o|5!e ^MashS &J-E*II a|(i 06a) SE-^ *l|2as|-# ^ 

E*ll^(i06b)» ^^?H »§o|-oi c|i°4|f gAHsh g^cHi, xH|2as;h# efESII a|(l 06b)(fll 1 eJ-E*l|aj-(106a))S 

^liashS ^£x-||^(i06a)W2ashS af£S||aj-(106b)) a| 3^ ^ H | 7 ^ c[^.c[^ 2|n|ac+. 

oflSSS, SSeJ-3^ S^7h A|S£|g, sihashS &J-E*||at(l06a)7h lnGaN°^ ^s|31 ^H|2ash# e|-(i 06b) 

7FGaN°^ ^^£|t SY, GaNS a|o|ch| InGaNS^I | n «^#cH| 7W*| acHI cl|b| ?ix|7Hu| s^oWE* fio|| 

2ic|. ^, m ^A4 0 | a^fioii cl|b| ^a#^ ^ohx|fe. §*to| sycf. 

SE&n^ *l|2i^#st#(1 06)o)| SJCHA-I, 7H|igs|-s at (106a) S! ^I2as|-* &E.%\ at(1 06b)-£ £t =t=E Si^l, nM # 

^#o| £9S Sl2.a\, ofJn &^o|| *e*o| £91 5«cf. a§^§ #7)| ohoi fa§ &#a| ? |7| fl«H/Hfe, 

oi 7i-a- h|^o|-ji, c[m &>E*i|at(io6a) ee^ ?Hi2asi-# e>£*i|oj-(io6b) § w>ii n a m^#oi sshi^ s^isoi 

HHf2|3|-Pi, zl c|S^ a = EQol-b ^a|o|cK 

nS #^#o| Aj. 7 | oj- a =o|| £gs|^ g^, qigsft eh£*l|at(106a)2| nS fe£2h^|2ash# BhSfl 06b)a| nS #^ 

S feE-^ AHs 4= ojcl. 

nS u[m*\?W\£: Si, Ge, Sn, S #2| IV^, VI ^ S^S 4dS|oh3 Mc|- u h^J-s] s|-7|| ^ Si, SnS A|.g£.l-c|-. 

•^£9' gcH-^ 2|£Wo^ £9o|-x| at-^ Aj-EHS X|*jo|~^ 5io^ oiis-ss oj^ol- g S |. s y-£*||#o^JjiE| #AJ-CH| °| 

m S ai-So||AHt 2lESo|ah2i ^, n^o\\ °\m ^°js\^ # ^chiaH ^ E o)| =p-uH7h ^7|^ 

a^7h atch 

EES-, ^-lliasi-^ ei-ESII at(1 06a) S/EE-^ ?H|2as|-g eJ-E*l|at(106b)oi| nS Eg^ feE-^ 5X10 21 /W o| 

o|-, U|-#5|oh7||-& 1Xl0 20 /cm- O|oh^ £E§*!-CK 5X10 

21 /cm" atogj a£h# b| £i( |*o| SS ah 0 | i_^u^|2i, #^o| x-lohofe 3S, fe o| alcK o|5ie S^E£9° S^ollE at^. 

ci^o|, n = *l| 2 [}#at# (106)011 9icHA-|, * 7:H|2a£h# etE*ll^°| a,^|» 10 o§^M# o|*K uHhs|*h7||t 70§^M# o|o|, 

mci unf^ispiit 50§^m# oishs acf. Eta ashs ett*ii=°i ot^i* ioos^m^ oio^ &££«i, ash# <sis.m ^ 



Sol ih&iMiet-^l o\s[s-\ 7|-x| jel^, atjJf ulJU^oi #e 2§^§ 1UI-S &J-£*)|7|- ^SS =t= Sick 5E&, & 

7| ofa] JE^p 70S^SSo|3h^ nS *H2cFS°tS(6)o| s)ji o| eH *_h S§£ 0 | #e c+#b| ^ 

a| ?|o|| f^§§ a&A|?|B, nS *f|2ct#°f#(6)o| u{s|$jif 5f§§ shd , »^So| #7)1 4= SUch 

* el-M § E H 2011 XlojAH, o txf . => = zp.^o| # ^* (7)e , n oy Ga# s g-3h^ ash# e*£*fl, ln a G ai _ a N(0<a<1) 
°S S«s|j1, SE^ p*S #S#^ ESS ^ SU®i4, el£S(#S^ S^eMJ)o|| hh =af ffl=zf s^o| <*ojx|^ 

^ ^spH| g- ^ °(cK t^#(7)o|| P S £3ohS, ffl= a^o| ug- n|H ^& McJ- af 0.5eV ^ o|L-|x|«©s ^ 

3. EhSS = M A|a ^ sJoLf, a= 0 | ge*«7|-e 3J0|cK #^SCH| p*j s¥» £SohS, P S 

SIS ES§ »^Sa| H7) | a ^ giQK *«| p§ f^§§ SgSfe g^, #ah *o| Si 

Sal i£!^S EStsam S*I|S nS°5 sfe 3do| hHH5|s^. ag^ol #g »^S« ^&a|?|7| Aj<sj sgs^l 

#A4*( 7) o| ^#sai aisfHt m^nn s«Hx|xit ^##^Ei sj#3i-oi ^##o^ ea - E ol^ 

3 ^ssi-oi 5w§°5 la ^s. an}. SES-, s-^s^n 5j§3foj ^s. sj^i, s^s^ ^s°m ^#s°^ e 

a 4=E ^##a| strife lOOS^Mg o|*h, uHhs|*h7||fe 70S^# o|sh, acf HHhs|*h7||fe sog^MB o|shs 5§S 

CK £ ^goil XlOiAi, ^##2| a|J=;7||°| ^Sopi| eS=|X|fc 1SAI-S 0|AI- Hh#5|^7)|fe 1 OS^MS 0|^0 S *|- 

c+. ^#So| 100S^M# acf ^ gao| 94K>| cHE^S*to| sjch 

&5d, S-^S^I ^^It 2000S^S# 0|3|-, u|-Bfxi3pi|-b 500Sr^M# 0|3K Mcf- u|-^W3pi|t 300S^M# 0|3hS ^S°hcK 

S S-^S2| Bt^lS] oh S ^x|^ °>X|of, iSIfi 0|#, HW5|*h7l|-b 10S^^# 0|Ato M &cK S«#0| W 

floia 5^ »4ho| golshcf. D)^o|, & BfSe »^S(7) S*H|°| a|^|S ^§3h7H| flS«|x|t BWEh LED ^ so, u^fh 
eFS- S# iBi^oi , &«S 3J ^SS^I 2+ 5jS^2f ^ H S ^gsFoi #£3(7)s] ^S&cK 

$ s'' 1 ! S E I 2011 SiolAi, p= f^EfS, HH-a o||LiA|7F E- xi|3ash* 08a)3f Ai| 3 ash* e>£SI|ot(108a)fic* hh^th 

o)IMa|7F 5)S 7H|4ash* t^*l|^(i08b)o| aiSsl^l, ^7| 7H| 3 a£h* B.^=t3f M4^S.[S: <L^M\^ pS aH^ 
cJ-F SSi^ i&a-cK ziam, ^ogoiiAH D « ^EH^gs pS i&°h^ Al 

b Ga-,_ b N(0<b<1)°^ o|^-oi5! S2I ^eh^ a^^ 4 s XJcK 

pS #&H^So| c+sat^s(i^xHis)» ^ pS ^S^ h #aH^S(l08)a| S^o)| cfls^ c[^o\\ ^asficf. 

p* ^S^ #B()^S(108)a| ^S^SS ^13 S! fl|4a** &l-£*l|a|(108a, 108b)s| 100S^M# 0|*h, S.c± a[ 

m^nn^ 70S^MM o|*h, 7hS u^^^WI^ 10 lHa| 40§^Sf o|3h°| ^gs|o=l, ah|3 SI 314314$ &l£*H^ 

(108a, 108b)2| at¥^l» c^7Hl_|. ^ <&c\. c|-#a| z|z|o| sj- = »||7h &7\ S^|o|ffl, z| SSh* &l£*)|°| e|^|7h 

Eh^ gj^il ^tHI o|^ Elm, -^7^ ^S-a|^i g^2f u\MSW a§^o| #s SSI-S &J-E*||7|- ^St ^ Si^l SE*h Ss|-# 

as^o| »^s|=s, pS S7|-*h 3^ol| 7Ha|oi feE^^i^i ^&#o| p#0 | eofxiji, ^x|-o| vf, SHI 

^7)| ^ohx|^ ago| SJch o|e|th aj-^|2| 2 S#^| §f £h^°S ^ ^4=s| ^S°hoi cff^gg a^ficf. cc^w , p 
S ^S^ h #EHEiS(108)a| S*fl ^»l|2| i§g ^7| 3| 3 S! 3|4^4# eh£*|st2| z^z^o| rn^is ^§^21 sjfslft i§f 

ISsH^ch. P S c|*st #£H^S(108)a| af^fe *S*WI ea=l^lfe 8MB*, 2000S^^# o|Sh, u^xjspll^ 1000 
S^^g o|*h, acf a^xi^l^ sooS^^^ o|*hs shJi, a|-^|7h olSfloia, imS^S ft 4= gi^l ^^SSfiKVf) 
g ^ 5«cf. 

7Ci|3as|-* &J-£*ll(108a)-^ ^CH£ Al# SSI-* u|-^o|-7H|-^ Al n Ga 1 _ n N(0<n<1)# ^S"A|7|ni, *l|4i!£|-# 

*1l(108b)^ uW5|SF7flfe Al p Ga 1 _ p N(0<p<1, n>p), ln r G ai _ r N(0<r<1 ) S^l 2S 4&S, 3S B>£*ll» ^&a|^ - °jcK 

pS #&H^SS i^Ah ^-ze°J pS cf#o|- #b«-#(108)°^ o^, a§«§ #?HI 4= Sis, ^ s|SWS 4= 2J°°1, Vf# 

pS #e« =#(108)21 3|3SSh# ot(1 08a)ah 3|4SSh# B>£*l|oj-(108b)2| pS M4r# SEL^ cfs^i, #°| 

* S£» 3.H, cf5 *h#a| feEt ^7i|*hcK n S 3| 1 ^#a|#( 5 )fih ^o|, HH=a o)|LiA|7h & 3|3S4# ej-£*||^(108a)2| pS * 

^W: SEi* H7i| BH=a 0)|LiX|7|-^ 3I4S2** ^(1 08b)2| pS #4v# S£» ^| 9HigSh3, 2j7||3^, Vf 

SS *|SWfi ^ Silcl-. £E& ^ e>cH£ 7|-SohcK S^, ffl=g o)|b|x|7h 5 ^|3a^# a|(i 08a)a| p*! ^7\\°[ 

oi hh oi|LiA|7h sj-e n\4mnm ys«iia«io8b)ai pS feEi H7ii e 4=5. aich 

313321-* aj-E*-l|st(108a)o|| uH^s|& SlS^ ixlO 18 /™' lHa| ixlO 21 /™ 1 , ac(- u|.^5)3|-7H|-^ lxl0 19 /cm s m^l 5xl0 20 /cm- B^l 

s ^ga-cK 1x10 

^/cm-acl- ^£3, 3I4SSI-* &}£*l|a|(108b)3|-2| *|-o|7|- *t-oH , 7H&ICH SEL7|- s go| ?dcHA|7| oiBisaSfol a(cK ££?!■, 1X10 

21 /cm 1 a^ 3B, ag^o| l-[w[x\^ ^%t 0 \ °icK *h^, xfl4SS|« a£fl|ot(108b)s| pS SEl^ 3|3SSh# B>E*l|oj-(108a) 

acp 5j 0 | HUfsisMlfc 1/10 o|4f ^ 3do| 7^ n^s|sh7llt 7|-S-o|S£7h #0| ?JOiA|A| 

°h,°^|7h §J=0H XH|3^5h# yEi^E^N *K45\0\ mO]^±r pS #^#0| IL^islJl &7\ #4?S2| gf§ H[^^\7\\ 

1 X10 

18/cnf 0|3hO|Ch. SE*h HH H?J CH|LiX|7h g 7H|3S2|-g ^(1 08a)cH| pS ^ £Sohni ffl=g 0IIMA|7h 3|4SSh 

s ef£siiaj-(io8b)oi ps m^mm atoi □h^woicK 



pS S^SS-c-, Mg, Zn, Ca, Be ^7|#^ II A^, II 4d^» ^ Sim, u|%5|3|-7]|-^ Mg, Ca pS M^ir^ & 

^. 

p^ #b.H^#o| pg S^SS S&ol--^ Al b Ga 1 _ b N(0<b<1)^ o|^oj£l ^ii #o_^ ^^^j g<=> o|B)& *Et<tiH ^af]^ 
#o| 2000S^^# 0|^, a|-sj-^i3pi|-^ 1000S^^# 0|^|-0|ni, ^h7H|^ 500 4|x| iqOOS^HS 0|3|-o|ch m- 

^PI-ai-7| H^oia, y^Ai^^i Hj-ih^oi E tA ,^ini vf7h xi^cK p ^ aa^t #sfl^#o| A , 

bGa^bNCO^b^DoIcK 

i&, EFs ^iS^I #bh^S^, Ah 7 | ^s^^o| p ^ ^ehj^S^ u|jn^|-oi ag^s. u|-db|-go]|^ M^^i, Api ^ m-~o| 

#BH^## A|-7| n ^ c^m-^dOS)^ ^K-S-o^ ^gAjo| AH§-A|Zj ^ ol^I, °M|AjJ=L£|- V f# A"-|o|-A|Zj - o[d|-. 0|B-]°l- 

^U^E ^X^A^oj ^Ajo| XjistWr ^jAH|3p|CH| fij3f2) ^ ^ oH a|-, Ehaj ^#o|7| H) ^-oil aH|^§o| E^HS ^ 

a(-7| £[<|J °i-#o| ^bH^#o| p ^ 1x10 18 /crrf M|A| 1x10 21 /cm 3 , t^^PII^ 5x10 18 /cm 3 M)A| 5X10 20 / C rrf, Hf% 

AI^WI^ 5X10 19 / C m 3 L-fjA-l 1Xl0 20 /cm 3 O|DK fe£7|- #7| fflflolS, ^S^0| #^ p^ °|0| Aj 9 | - o > ^ 

AJA|^Ef|cH[ ?lo\M , Mg p^r GaN^H#(9)^, ^S°J 3°, In, Al# 3=fi-o|-x| p>-^ o|^o|^jcK ^ 

7| p^BHEg( 9 )7^ | n AIM S&o^ #^ ?mo\ 7\9\ ^OifJ ^ fflo _b^_ y^s^l- Z^£| P^ ^H#(9)^| ^ 

^1-^ 0.001 l-H^I 0.5m, u |-^^|opi|-^ 0.01 l-Hx[ 0.3/an, ^ ^H^i 0.05 M)x| ^ h ¥^l7|- 0.001 /onM^ gj 1 ^ °d , 

pS GaAIN #BH^#Ji|- g7|Aio_^ a&i-s(7| ^q^go^ oigcK EE^, 3^! sHJ-^°j GaAIN #£H^S^I Et£ 

o| 2£J sHh#°j GaN ^j#op| ccH^ofl, ^j-cH^. 0.5/^m ^^71| ^§ a^o|°| □|^n|^(misfit)°il 

9.m^x[ ^#o| p ^ GaN ^M#(9)cH| ^ 3 p| tl^l ^S^o| Ai^^ S&o| 5jcK ^, ^bhe*o| af^^F Sfo S| V f# Ai 
ohA|7i ^SSi S^IS ^ 5U^K EEfi, pS GaN^^#(9)^l pS M^^o| Mg o|S pS ^o| <^oiA[7| go|^, ^ 
o| ^CHA|7| go|3|-cK Mg^l fei^ 1X10 

18 /cm 3 L H A[ lXl0 21 /cm 3 , 5Xl0 19 /cm 3 ufl^l 3Xl0 20 /cm 3 , Mc+ 1 X 1 0 20 /cm 3 S ^0| ch. Mg fe^7h 0| H^|0|ffl 

#^ P S SJ-0| <£CHX[7| ^0|oFJl Vf* A] o|-A[ 2J - oi cK 

nAj^(i2)^ ^^^#(4)^1^1, pS^(n)^ Mg p^ GaN^^j^S(9) floj, zj-zf fi^ScK nS^(12) ^ pS^(11) 

°| AH^-^ °i"SS|A|-^ ?>A|nh, 0i|##nj n Aj^(l2)^ W/AI , pAj^(H)o_^^ Ni/Au A^# ^ °! 

^A|gE[j 30|3h £ 5# ^j-ZL^I-Oi ^ y-gcHI AJA|^E|1 3# Adng^l-CK 

y-^^l ^IS^H 3^| ^x^, i 5CHI L_^|-tH a ^2} #o|, oi|##^ A(-n|-o|CH^ o| =CH^j 7|&(1 ) ^|CH| u^i#(202)# 

7H^JA|7|ni AHMn^ ^-£^#(203), AH|2n^ ^^#(204), AH|3n^ ^-^|#(205) 3 #^S(7), p^ #B-H^# 

(108) ^ p^ ^^j^#(208)O| x|-e^ ^A^ICH ^^\c[. c-\^o\, ^ ajaI^eH 3CH[ <ZlO]A-\, p ^ ^bke-(208) ^IS^I 7^| g Soil 
^, pAj^(io)o| §Aj H |ni j p Aj^ Aho| ^^cH| p Aj^( 11)0 | SAH^jc|. ^oj- 5 ^^xh°| ^h^^cHlAi, AM|2n 

^ #(204)2.| SSO| Jl, Ah 7 | i#^^-CH|-^ nAj^(12)7h §AH^(c|. 

£ 5CHI L-|-Ehtf ^0|, ajaI^eH 3CHI cch-s. AJsh^ y-ix-ll y-^j-^x^ ^s)#(202), *i| 1 ^^#(203), *i|2n^ 

^^IS(204), ^ A"i|3n^ ^^l^ h (205)# ^ S^(230)^hp^ #^H9S(108) ^ p^^l^#(208)# ^ p^ 

(240)# 

A(-xi|3pi| ^So|-S, ^a|^eH 3CHI $iCHAi, p ^ ^^^#(208)^ 0i|##g j o|^(- ^ 1 CHI M-E|-tH ^|1 fJs|-^ ^^l^ h (208a)^ 





a ShS ^j-^xll ^(208a) 


;N2lJs|-^ ^-i^j|^-(208b) ij 


;1 


ilnxGa1-xN 




i2 : 


lilnxGal -xN 


:jlnyGa1-yN(x>y) j 


|3 


iilnxGal -xN 


;!AlzGa1-zN(0<z<1) \ 



o|q, ^a|^e[| 3 CHI 5ioiA^ ^s^oi-o| Ah^ xih ^^ll (8a) # op| ^|^n si a| h^a^^^ y|-^Ai^pi|-^ x <0.5^ 

A ^§£|1, uh^Ai^pil^ x <0.4, ci^ ul-^Ai^p^ x <0.3^^ A ^SS^. 

Sfi, * ttS 0|| SiCHAi, p ^ ^bhe # o| Qf = ^||- -;t||7|-^^A|^ ^oto| xj%^0\ ^0[X\7\ ll\\^0\\ , ^^^3^1-^0.1^01^, 

Ul-^AI^I^ 500 A 0|3K d|-Bh^l3pi|-^ 200 A 0|3|-^ ^^o]-^. ^o]-, pgJ ^iHE ff ^Aj3|-^ ^| 1 ^ *|| 2^ S|-S 

^||°i-o| □l^l-^ Z|Z| U|-^Al3 W |L 10 0A 0|3K S.^ a|-sh^opi|-^ 70AO|3|-, ci^ d|-Bh^l3pi|-^ 50 A 0|3^ 7|-& H|-Sh 

A]3|-71|-^ 10 L H A| 40 A °| ffl^-l^. 



p^ ^^j^S(208)# AH| 1 ^ AH|2^^ ^^l^ h (208a, 208b)^l ^ h ^l» 100 A o|3|-^ 7H| 1 ^ Ai|2^^hw 

^x-j|^(208a, 208b)^l ^ h ^|7h 100A ^77)# ^ oi ^| C -j 7^ m-^Ajoil □l^^j- 5E-^ ^g^&0| ^ 



°p| iE^xR^°| xi^Ai^icK £E£h as oil SJOIAH sj *1|2a^S B}£*ll ef(208a, 208b)4=r ^ois. o| 

4hS| ^|0|X|°f, H^5)3pi| 10A o|3^-ag*hcK 

5E*h-& ^i3B *U1S£|-# Si-E*l|° 1 H208a)a|- ^H|2as^ £J-E*ll^(208b)a| ^CH£ o|J=l s^M Mg pS M^^o| *<7|-H|oj p= 
^ajM#(208)S S*l|5jo^ p « £Saf u^y ^ °JcK £E&, sin SI *)|2S£|-# &IE*II a|(208a, 208b) a^o)| p*j f^tf £ 
9°H^ 3°, &h£*ll#a| pS #^ feEI i^F a^# ttE*IISfi] fe£2f u|Jll3hoi ^?i|(o|^ 

HS£go|aHii #)*hcK 

0|2| S-o|, §J xH|23Sh# &J-£*l|a|(208a, 208b) # S^s| u|HloKH ^7i| ^-£7^ 

ashS bh£^||#0|| 7H&|Oi7h BtO| H^th ^ fe£7h c|-B £l£*||#°| 0|^£* SSh# £h£ 

*ll§ a =r= SKK nl-aW, a *H25!S|* &j-£*l|et(208a, 208b)7|- «sa 3=3x|-#o S aH ?Ha |oj o|#£* 

^#(208)chiah g-* h s^gas ojs^oi ^g°i s*5toi|AH ^asaa-* ye f flc*. 

5ES-, S^£§o| A|.gs|^ °H^°| gshs y.^i^cHI-^ lxl0 19 /cm" uHx| 5xl0 21 /cm' S^|2| t^ff £go|ai SSh 
* el£*l|#s 5 x10 18 /cm' M|x| 5Xl0 19 /cm' S^|£JB|- SA|o|| £^2] ^Sff S>E*ll#Scf sfg o t o| pS ^ #0 | a^*jopi| 
c+. Hf£SII«o|| c||«H>l 5X10 

21 /cm- SCf Sf2| P S §7h3hS aS^0| L4U^ Ai^0| ^0hH3f §A|o]| #2. S^'giS <*7|7h 0| § 7\\ B\JL, 

5X10 18 / C m' acf o t o| ^ mo \ ashs BIE«| atoll S7hs|^ 3°, 7Ha|cH ^£7h sfoh Ht9*s40| sfctgcK 

SEeJ-, -e- a-ngcHI St}0\M, ^aj^#(208)CH| SjCHAi, &}£*l| a|(208a) ^f|2^2|-# a|(208b) § CHJ^ &#S s| 

a^#o S a - oi 2 p #Eflas(i08)3f S^S 4" 5U^. nam, S Btgo|| cc^W, | n « fl|ia2h# Hh£*l| a|(208a)S s|Ak 

s^, p* S^(10)S ^^^nm &S.m ^(208a)o|| SgScf. o|s>h#o| ^, ^71 P sa|MS(208)3f pS^(10) Mo\°\ SL 
□ i Ai&# a^A|g ^ jycf. 

= , ^MSSh# &E.m e+(208a)^ ln# I!fsf7|i4 ^l|2SS|-# y-£*ll a|(208b) ln# Bfro| Sgt3|-°s, ^l|1SS|-# y^*ll ^ 
(208a)^ ^I2ash# 5+(208b) Scf *m H Jl^S# 3itc+. pS^# oh t h°| o)|Lix| s?|fif q 

ysfll at(208a)s| 7^^^ o\\l-\x\ ^\s.\ ^o\m *tH & ^ 2aj ^7i| & ^ sjcK 

SES-, -^a|^eH 3°| asi-s yESII ^^o)| JjoiAH, ^7| p S #eJ| S#e Al x Ga 1 _ x N(0<x<1 )°S o|^.o| 2 ln y Ga 1 _ y N(0<y< 1 ) 
o^o|^-o|a ssmqssis&i^jq-sol^.^l p#silS#« =^*fe zt sj-s| ^|^ ^ oj^ 0 |^oj 10 og^s# o| 

oh, Huswife 70g^M# 0|*K Mc|- uh#5|^7)|t 50g^M# 0|*K 7|-& a^^^ W |^ 10 U f|x| 40S^M#o|ch. n;fBW, p# 
2flSS(108)s| x-f&s P S #BHS#S a^9°S«| 4 s 5Uc+. p#si|g#(i08)a| S«| ^ll-fe 100§^MM L H 

a| 2^m Sfl, Mcf an^5|^|fe 500§^^# uHx| ^ m EL ^SScf. Sfl uH°| g-^i A J§t o^ p #eJ| §#(1 08)^ 

7H a|0H ^^|#o^ oi^ a ^||3Ho S uunxH ^a|^ ^ oi cK 

^A| gel 4-& HJ-goll ah£h ^A| gE|) 42| ^x^, s 6A2| S-ol, p^ 5^i^#(208)cH| <&0\M, n\ H^hS &l£*f| 3| 

(208a)3f XH|2 ashS BfEJUl st(208b) Aho|o)| Ah#(208c)« S^a|^I ahcH|a| ^Ja| ^e|| 3^ 4J-o|& 7A 0|2|o)|, aja| ^e|| 3^ 

SS&SeHS ^o|^(H5!^. o^7|At ^ah Sa ^ #(208c )s j j HM BfESII B«208a)s| s^o||/H XH|2 iift af£S|| aj-(208b)2| 

^ah^x| a| a] o| Ss^hE^ ^;HI <a^AHo^ Hj^Ai^i go| cf. o||< §3, ^| 1 Ht£Sfl a|(208a)# In 

x Ga-|_ x N.sL m.t\m &J-£*l|a|(208b)# GaN2^ ^^a|-#(208c)S £ 6B2+ g0| X||1 ash* &E.m at(208a)o)| 

Ssfe SoilAi ^| 2 at£SfloK208b)o|| S^fe as ^S2£ | n s| ^AH U | (x)7h aHa|§| #o|ck 

S SEN 2CHI SiOjAi, £E^3A^(208c)e Zl ^U|7h A-\ A\ S| ^^3^ #0| fl #21, ^A| £ 6B2h ^0| ^|0|| DH*H 2E^0| 

A|Aj^O M UJ^f fi O - 8lcf _ 

o|4F2t Zho| ^A4Ej aja| sen 22| ash* aSiNl^^fe, ^11 ^(208a)^ ?HI2 asft 5>ES||et(208b)s| S74|oi|AH Z&A4 

0 | -^^3h7i| SiS^Al °>7| HI S0)|, #°| gxi-AlcHi AH1 1 ash* B>E*l^(208aWfl|2 &}£*l| q-(208b)2| 3^|o|| 

4:21 ^&i» a-A|fp ^ ° JcK 0 |<4 aoi, s^ai ^£i» if ^ sat s^h, a§ *aoi acf ah^ ^ m ^s.m^ 

(208a) at ^112 £i-£*l|at(208b)# ^ &a| g oic|-. aj.-^ ^|-| ^£*l| a|(208a)# In 

x Ga-,_ x N^ o|-Jl JH|2 SSI-S y-£*l|st(208b)S GaN°^ ^ 3°, ?H|1 ash* a|(208a)^|- «|2 ash* &l£*ll a|(208b) a|-o| 

oii msi awe ^ 5Us, asot asopii & 4= sjck 

a^i §e| 5oioh, * a°gcHi a^i sen 521 ash* bisa-ii ^a^i 3^, a a^^i Eta^e! £ ss oi#oFoi ass.^K 

^JA| gE|) 5 °| SSff y£*l| £ 83h &0| 7|B(1)flo|| HiEi#(102), GaN#(103), nS #4r#« SS«fe n^ 5ajM 

#(4), o|-#(305a), nS £93 §ZfS(305b) 51 2l£9=! ##(305c)2] 3#°^ oI^-CHa] n = ^H|1 ^#^#(305), 

^11 3SI-* B}£a|| Q|(306a) 5! ^I|2 ash* Bl£*l| ej-(305b)°S o|^CHaj n ^ xj\2 c|-#3|S(306), c|-# Sfxf- ^*^ZE°| »AHg( 7)j 
fl|3 SI ^H|4 ash# Bh£«|at°S oI^OIai p * ^aH9#(8) p* EFSiet #&H9#(8), MgES=l p* GaN &^^#(9)P| 

ibM Sifecf. EEf> 5^^#(4)^|o|| n 3^(12), p* GaN ^#(9)^|cH| p3^(11)o| z^zf ^^^0] oi cK 

&|7|AH, -MA| gEH°| Ss|-# B}£a|| ^aKHI SJOjAH, a^#(i02), GaN#(103), n= ^^(4), n= fl|1 ^#^#(305) Si n 

= XH|2 cfSaj-*(306)o|| 2|§H n= §^(330)o| =?-g5\JL, p* #bH9#(108) Si p^ GaN ^sjH#(9)cH| 2.\m S^o| ^gcf. 



-MA|« E |) 5 cH| SioiAi, 7|=Ki)g a^|-o|cH CS, RS ££-^ ASS a^e|-o|cH, zl 2|cH| wj(MgAI 2 0 4 ) sl[ gs. 

m cH| , SiC(6H, 4H, 3C» if), Si, ZnO, GaAs, GaN^2.| eii*! 7I3S A|gih ^ °jcK 

-M A I ^eH 5CHI 2Jo|At t ^j f |^( 1 o2)^, Ga d AI 1 _ d N(El- 0< d <1)S o|^-o|5! UmS HE.no\JL, n>\\^ Alo| *J71| s&S 

i^o^ 3§< m 0 | «*|«| 7HAjs|74L-K acf uHs^WI^ GaN£^ o|^o^ t^it|#(2)o|cK 

uiEi#(102)a| at-^l-^, 0.002 l-Hx| 0.5 ^m, H Hs^WI-& 0.005 0.2 /an, H Ht*| 3|-71| 0.01 M|X| 0.02 fimS] SfHS ^§ 

&c|. Bin|S(io2)s| fWI|7|.4p|Hflo|H, Ssff fij-SE*fls| as«EH7h 7H-M=l^i, ^^#(102)^-1 oil g&s|^ gshg Bh£*||°| § 

H2)#(102)S| 200 4I*| 900 "CO\H, u^*] 3|7H|-£- 400 m*| 800 °C ^SS^k £§-s.£7|- aj-7| H?|0|S #^ 

^2§o| slji, &7\ c*ago| #SS(seed crystal) uin|S(i02)flo| as|S ghEJtflsi HS^S *^a|^ ^ °jch 

SE&, o|fi|- as 7HSo|/H ^SA|?|fe uims(102)S, ?IB Sa&HSo|| d*b|. «afs||£ ^a^ch 

* aja| ^e|| 5CHI SJCHAH, ojES GaN#(103)&, g&sfe 3^cH| n S M^#S SI7I-SW ^Jl ggs|fc ## M-EhScf. ^2) 
#(102)Aj-cH| eitg GaN#(103)S GaN#(103)2| S§^o| °t2S|-7|| s\JL, 9j.ES GaN#(1 03)aJ-o)| £!Sa|?|-^ 
n= $ejM#(4)2| CH^ SS^E S^AJ-gcK <2j£9 GaN#(103)2| sj-^l-b, 0.01 A m 0|s|o| Jl, 0.5#m 0|^|0| Jl, Hc| 
nh§Js|SMIfc 1 A mO|^o|cK a|^|7|-A^7| ffl^olffl n= 5&jH#(4)o|3| #S S§ah #7 i| ai &A |^ - °(cK se& GaNS 
(103)2| e| ^^| 2.| ^shs. m*| ohg E |x| °>x|ef, a-||3E 5§§g ms^oi s)^*| ^S&^K 

££*h, aja| §e|| 5CHI SlcHAH, it^l-b n= 3aE* (4) s i nS 3 x1 0 18 /cm 3 o| u|%*i3|-7||-i= 5 

xl0 18 /cm 3 o|4h2| fe^S iSflct. o|fi|- ^o| ni! S^SS So| £9 SUB, n n= ^M#°^ ^°1, Vf SJ 2j7||*j-ffS 
M%i ^Si^K SEthn^ ^SS(4)o| fe£7|- ^%m 0 \ o t£& G aNS(1 03)^1 oil S^je|S, mfeJESl n« * 

3is ?jcH^ a?||3lo| 2§^t ?i^o|-7i| 4= SU^K sa|M#(4)e| nS fe^s| m S | °>x| 

el-, -aej^s°^.A-|o| 7 |^. # aWofe eWI-c 5 X10 

21 /cm 3 o|^7h a^acf. 

5^M#(4)2| ln e Al f G ai _ e _ f N(0<e, 0<f, e+f<1)^ - o i21j n o_hgs|A| ?^A|oi-, d|-^3|7H|-^ 

GaN, fgio| O.20|o|°| A! 

f Ga H N25 s|oj SSSSol sj^ ash* &|^*l|#o| ^cHa|7| ^c[. n * =S|SS(4)2| Ht^fe ^*| &Ss|x| &x|°J-, nS^S 
SO|°^ 0.1 H|x| 20 0.5 uHA| 10/ni, acfHH^5|*h7llfe 1 Ml^l 5*mO|cK ^|7h a^7| ffl*|0|a Ai 

Ai5r|*l- ^ Sji, Bt#^Xt-2| V f* Ai?r|A|^ - oIcK 

SE&, seh E*( 4) s saf) n * XHM cf$aj-S(305)» af°S S ° Aj^st- - oi cK 

c+S, * -MA| §eH 5CHI SJoiAH, n ^ *|1 ^#^#(305)^, 7\&^o\\A-\ <>1ESS °h#(305a), nS £99 §^f#(305b), eiE 

S3 a^#(305c)2J sjcH£ 3#°^ ^^£|CH aicK 

n= xi| 1 cfSa^S(305)« ^-AHsit ztzj E.^^ SSaa§2| ^^a^cH| 2)^ oj*t° D |^ X | o>- Xl*lE*, 

^Sho|01 n = XH|1 cf#otS(305)°S 3|-t 5CH| 2|*H SSflS| ^X|-sah a§| oj gggojg *t^ A |g - o ioi a° 

2| 7|^§ 3ife^. 0|fif 53|t ^IfllS, ^#A|^I ^A|-S X1|^3|ni JlS°S ^CHS 0i|At2|o| Bt*WS BtS 

e ^7 1 S2|f "jatfe 5! CHI °|SH «KS«ct. 

©17|AH, n= ?H|1 ^#atS(305)o)|^ ^7| §|#(305a) uflx| ^©(305c) o|fi|s| §f 3>^ 5!£ #c|. £E& ^|1 c+S°t«(305)S 
#AH#af ^3|i #ah-S A|-o|cH| §§ SJcHiE #cK 

^7| 3|#(305a) Ml^l aj-#(305c)S ^Sfe SS|-^ alE*l|-^, ln g Al h Ga 1 _ g _ h N(0<g <1, 0<h<1)^ SA|s|^ ^-^°| SS|-# 
*l» Ahse 4 u^sishTllt GaN£^ o|^cH^l i^o| a|§s ^ Si^. i& ^11 ^#^#( 5 )e| 4f§ ^ 0 | =^s||£ ^o| 

n= ^fl 1 D|#ati(305)2J a| ^l-^, ^°| oiquf, 175 M|7C| 12000 S^M#o|Jl, a[^s[7\\^ 1000 uflx| 10000 § 

^M#0|J1, Sep Hh&5|3W|t 2000 l||a| 6000 §^M#0|cK XH|1 c^^#( 5 )o| aj- a^ 7 | ffl o|^| ?i o S vfs) s|£|S|-^ § 

Ak 7 | w^|o| oh ¥ ;^| S 1 c+saj-S(5)2| at ^|°| 5§e 3|#(305a), SZfS(305b), SI ##(305c)fi| 7 A a A ^ H ^s| 

EEgshi, a|| 1 ctsatS(5)s| % aj-^»l|» «^|^ 3fe 5}o| d^5j3|cK 

* aja| ^eH n ^ ^^ c|#a|g(305)S =?S°^ oF#(305a), SZ*S(305b) S! ^S(305c)2| ^ aj- ^|o|| 5!^ 
oWx|oj, a. ^ngcHI SjcHAH zj- at ^|s| a|^xi*h wo, s flsH 0 |S|o| aj^ # aj^ 

(1) -^S 1«h#(5a)2| a| ^IS 3000 ANGSTROM ^Kll, ^#(5b)2| a| ^|» 350 ANGSTROM ©hi, 4hS(5c)2| e| 
LED sil^siai, z| e| ^|)o|| £<g%t g^, ^ ggggj- ^ah§ *gsj^. 



zl IE|^ £9Ai! E 9BCHI W ?JcK 



(2) aj*| 23h#(5a)s| a| =»||S 3000 ANGSTROM °S °t:n, ^-#(5c)2| ^ 50 ANGSTROM °S *[JL, §?J#(5b)2i a| ^ 

LED 4:^* 31^:11, z| rfcxKZf at ^|)o)| £gtgt ggf, tft#«3| 3i §SS°J ^SM^K 

3 £10ASE 10BCHI Stl^. 

(3) -felH 3#£i#(5b)2| at ^l* 350 ANGSTROM °S SHH, ##(5c)a| a| 50 ANGSTROM 2.S. °t:n, o|-#(5a)a| at ^1 
: ^*ts LED 3|*tot:n, zt 4=x|-(zt at -^|)o)| ^gttf go^ t ^ S a §y gggoj ^S«cK 

3 asfe E11AS £ 1 1 BCHI l4eM °[c|-. 

^, * M^oilAH 3|*t°t LED ^xfe, n ^ 3|1 ^#at#°| z| at^;>|| o|fi|o||^ 343f §flfl «e||2| ZEZd°ilL 3|*t»! 

^. £ 9A l-H^| E. 1 1 BCHI M-Etth °, ^^|01| 342|fi| u|JH^ A|-g£h §aHoi|°| LED :£AkS SJJcK = , £ 9A SOW JE 1 1 B0)| 

9lo\*\, Pomt ytta g L4^Lflji, vffe ^tf Stf* Lfeftflcf. 

0|Aj-o| 7 | SS mit^S, 2£S °t#(305a)fi| ej" ^l-b 100 l(|a| 1 0000 g^HS, « HU*j °WI -b 500 l||a| 8000 §^ 

a ^ HHf5|s|.7||-b 1000 l-Hx| 5000 §^H#0|cK <>l£g 3(-#(305a)t, £ 11A 5! E 1 1 B2| S"0|, at A-| A-| o| ^7]\ 

sssej-oi 10000 ^?<»iah vt7^ ^a^^ ejgt ^ smi si-s vfe *i°i-°i-a|°i, sssa-si *i 

3K7h^x|7i| s|ji 100 nltHHI/Ht Saatfs] x|«|o|| n^W ^a^o, H71 | ^ - g *to| °i cK 

#«(5a)fc. nS n= $6Hee #(4) o| agA n x^fi] g§| 7||4d*fc «zt=PI njeoil, SS^o, ^ 

nS £9 SZfS(305b)S| of 50 ufl^l 1000 S^Mg, hHH3°MIt= 1 00 4|x| 500 S^es fief uh&5|S|.7||fe 150 

4|x| 400 §^^So|cK 4h7| M^#o| Egg 5Zf*(305b)fe, ?H e-l oi #^o| stoi ttf#ea|o|| u|m*H 37i| #o| 

ni, =l mm ra a^isi ^a-#^oi *ioi-3H= s&oi sj^. ^ ioachiah-^, ^ 25 §j=7ii 

sHEL H JM a ^2| *m7|- ^ ^ £1-^5°, §Zf#(305b)s| e| ^|7|- 50 §^^#o]|aH^ ^#^o| 

Bishd =l 2|2| §°| nt ^|## 2=gohai gsj(7| mso|ct. 

SE*h i 10ASI- ao|, at ^|7h 1000 §^S§f ^5^o| H7H| xiS|-S|-^ gffo| *VB, SaS^BlS SB, £ 10B 

&h &o|, #^S(508b)2| ^ <= 7 >||7h ggg?f§ aash^lEf, at ^|7h 50 nlPicHIAH^ H71I s[ 

t a »oi sicK 

Aj.*( 305c )o| m- ^|-^ 25 M|a| 1000 aHf5| S|-7H|-& 25 Ml^l 500 S.c[ u [s^ s|-7i| 25 41*1 15000 § 

^BSo|ch ^7| eltg ^*(305 C )e a-111 ch#at §oiM »ah #0 i| gsfoj 7|-& S^n<^ m-£s\o\A-\ ^-a S =o| H71| 
a-OiSWeh ^#(305c)S| at ^|7|-25 §r^^# n|PicH|AH^ ip-MS#7h #7|-S|-& 3S0| ?JcK 5E*t, E 9A H E 9B&h ^0|, 4^* 
(305c)a| at ^»PH000 i3f*hS Vf7h £h^HH SSS^g 3<H*hfi-c+. 

o|a^ a0 |, ot#(305a) Lflx| ##(305c)a| at £P|2| So| ^t#a| aj- ^|°| y ^ot| o|§n gftgt^l ^xf- J|Aj # 

SrU, la ot#(305a), #Zh#(305b) i! ^#(305c)S ^*t°t ^x|-^aho| cH^ 

SI SSS^ol afi*h7|| s|0i u|jaw a=p- ef^S- ^ ttj°|o]| ^ at 5jcH| o|§n fic ^ o t ^ & ^ 

^S^S ¥m^r?l3. ^t#°| AJ£|AH ftAi-g gAjst - OJCL 

SEtt, fl|1 cfSotS(305)s] zt=2| at ^*t^, ^^9] WWW 2|°t 5E^°| SS^K H^, LED Sa J3[ 

saoil s|«H, 7hS a3f* e?l ^l*H ^ H SS| ^SS^K zt*s| at ^|2| ^ttcHI ^^e, ^ 7 | w^|°| at 

^th& 5 oil s|eHAi , ^ Ed fit ai^istoi °t^*t §j o t£& ggg ^ # w # - o, cK 

a^7| ctgatss ^-ah^ zt *o| ^Aj^ in g Al h Ga 1 _ g _ h N(0<g <1, 0<h<1)^ SA| £ |^ 2 go|S zt #s) s^o| 

«HEL ^o|sH£ #31, unt2|3t7)|^ m S! Alo| ^7|| sftg £E^ 0 U, u^s|s|.7||^. GaN£^ o|^olS §o|ch 

AP7| 7H| 1 cfSotS(305)s| nS #^#0| E93 #ZfS(305b)2| nS #^#fi| E9f^ ^«| »§e|a| °>x|oi, 3 x10 18 /cm 3 O|A^ 
utgtAj3t7i|^ 5 xl0 18 /cm 3 o|At°| i&ttcK nS #^#fi| ^*| &Se|a| ?>x|oi, S§a|o| i_^7H| s|a| 

fi| Aj-*i-g 5 X10 

21 /cm 3 o|3t7hsa|gDt. 3|1 ^#at#o| w^m^ fe£7t SflolS, It^S^ai »^3f Vf7t A^ts|^ go|| M 

#^#^a^ Si, Ge, Se, S, 0#fi| 4B^, 6B^ Ajiij^ 5Jo| fi^h S|-7||-^ Si, Ge,S# MW&*1. 

5E&, ^7| 311 ^#St#(305)fi| TllgdCHI SjOiAH, ZtZt°| #S ZtZt2| # 5J ^A^fi| S |)3 W o^- Wo|^ ot^o| Ahg« h 

^#oll, -Mailed soil 9lo]M , n= 3|2 ^«at#(306)e, In* itt°H= ?HI1 SshS &tE*ll at(306a)^ =l 311 SstS etE*l| at 
(306a)2|- Aj-o|°_l- ZEAHg xi|2 ^St# eJ-E3|at(306b)o| ct#a,i-o^ 0 |^-CH5Jc|-. aj. 7 | x^\^ fJstS at(306a), EE-^ 

312 SJ-£*||at(306b)g2| ^gt°| at ^|7|-, u tlt^l °t71| °tgt°| at ^|7t, 100 S^^M o|3rt, act HHts|s|-7)|-b 

70 o|*K fict HHt2|ot71|t 50 o|ot^ *l-ct. o|fi| ao|, at sfe 5dcH| s|«fl, c|-#at#o| ^xf- 

S s|ji, ct#a,h#o| a§ A4 0 | #7l| s|7| CH5011 g^ol *tAt£| - g*t 0 | 5jcK 



^^ ash* st(306a) SE-& *i|2 ash* °| (306b) 2-1 ^CH£ sms| a[ ^|7f- 100 §^^S o|o|-o|cHE, a| ^|7h Eb& 

gjTfl Bt ^|o|shs £|oj aS^o| s|:n, zl o)| ^#3^ x-|| 1 ash* ^t(306a) , SE^ *||2 ash* ^(306b)s| 3 

s^oi #7ii siof, ^g^s sxflsi as^oi °}s.nn =pi misoii #^ 0 | »#gc+. 

SE*h, x|| 1 ash* &J-E*II aj"(306a) SI *fl2 ash* &J-E*l|aj-(306b)2| e| ^m\7\ 3.^ 100 §^S§ o|o|-o|g ash* Ehii#£| 
bj-^oi^i m- j= ; ,|| 0 |3|-s s|3, a|o^ gg-A|?|^ §°-£>h x||i isff y£iSl st(306a) SE-i=r *f|2 ash# sj-(306b) W Si 

g*o| 100 o|ohoj a °2|. uim^oi SS^o| #°- gsff ttSEflPh sSt 4 s SKh. i&, S^S 70 §^M§ o\o[sL 

7HI2 ^#^#(306)01 iajsf ^ze^ Elm, ZL SS^o| #°- cfSa|- ^2E*|CH| »£!#* 4SS"A|?|a, m cfS^S(306)0| u] 

3^ 5hS* 8|Oj, «^#0| fiCh 39^01 #71| ^S*h ^ 511 Cf. 

S -MA| ^E[| 5CHI flo]*], n # S S (330)011, Ap| n ± xfl1 ^#^#(305)^ £PI n^ *l|2 ^§^#(306)* 3Eth°ha, ^#^o| ft 
a°h:n, Vf7h Ai3h*hcK &7\ o|°-^ g*t*hx|fc 8>x|°h, n ^ x|| 2 ^#^#(306)^1 CHI »&#s] §§^o| gfasMI =PI "fl 

5E&, n= *l|2 c|-«ej-«(306)2| &7| *II1 as|S £J-£*II ^(306a) 5E-i= &7| x)|2 UShS ^(306b) §a| ^CHEE ^|>-°| ej- 

xfli mziS s|(306a) 5E-i= x|| 2 ash* &}E*H^(306b) a|o|o|| MS. &o\m±, ^iJsHE #ch. h|%s| o|-?||-b, x||i 

&J-£*II st(306a) 5E-i= x|| 2 ash* £hE*|| ^(306b) §2| *JohE MS-s) °j- ^|-b, ^ofe xfli as|# &j-E*|| s+(306a) SE-^ 
*1|2 ^£h# at(306b) A^|CH| AHs ^0|& ^ 0 | u|^3|c|. 

at ^|7h egsfc m A|0|CH| Ais ^o|o|g, xm at(306a) S! ^)|2 iSH Bl-ESII s|(306b)S ^#a|^i c^a| 

#S S^th3^cH|, x)|2 gift &J-E*l|at(306b)Wl a^S BhiSII =t(306a))2| aj- ^\2.[ zLlim a|o|o|| g X||1 gs|s &J-£*l|at 
(306a)(fl|2 Ssl-S &}£*l|a|(306b))2| <^^m\7[ a^ aj- 0 |^ ^jg °|d|°1-cK 

oil* SS, x)H ash* £J-£*ll^(306a)S lnGaN°^. *\2 ash* ^(306b)S GaN£^ ofe 3^-, GaNS^I- GaN#3fs| 

a|o|o|| inGaNSl a| ^Ife, «^SCH| S = &oll ^b|- ^77) a^H^, ee^ § H fc o|A|^ 5Jo|| °|§H, ^S^g Lf|ifcH| #S#o| ^Sh 
op | [enroll Ajsj*Ho^ ^g g0 | ^S|3|^ g# ^ 2J^K otaW, ^S^I°S S^SAhe U£|-# £l£^l## S^o|-^ 

sspl- ^cH^cK cc^EH o^s *3 a||o|^ 4:X|-ah g-^ ^(waveguide)* o|~^ ^x|-cH| Sio|A^ Ak 7 | C |.*aj-*o|| e|- 

Sf S^o|ni, a1|o|Ai3h°| ? ^ H i§f ^ 511 cf. 

SE&, X)|1 5E^ X||2 SSh# BJ-£*l|at §2| x*0\E. 3^ S!4:°| ^0|, e^o|~^ X)|1 ££-^ X)|2 SS|-# &J"E*II aj"2| ^§J& 3^ 

S!^°| ^ a|-o|ch| AHs ^o|oW u|, ^^sHE #cK HHhs|oh7)|-b, xHM s ^ ^12 asft £l£*ll^ #s| 5jo|£ ^^°| 3^ a 
4:2| S^0|, -B^ol-^ x|| 1 £E-^ x||2 ^i-lS >&5.M\ a|°| ^5y°h3^ A|-o|o|| a^ e> 5}0| u|-a-s|S|-cK ^7| 4h 

o|oha,x)M ash* ystliet at ah|2 ash* &l£*U&tS ^^#^#a|^i c+gatss ^AH &a °o|| >fl | 2 ash* a|(x)| 1 a 

sh* eiE«iisj-)2i 3^ s^ai ^^u|sh zL^is a^o|chi m ^^ ash# &}£*ii^(xh|2 asi-e ns-mnw 3^ &g*\7Y m^. & 
o\n 5i # siniact. 

01l» *oj, #^£h 3^ S^al ^o| AHs 4ho|oh7H| s|S, *II1 ash# e}£*ll^# inGaN^^ o|-ni, x)|2 ashS <i}^M\^m GaN°^ 
°|-^ a^, GaN#3f GaN$3f£| a|-o|cH| inGaN^I | n #ah # cH| g^fioll cc|-a|- BtoW7iL4, E£±r ^o]x\^ ^o\\ °|s||, ^# 

□t# uh^chi ^a#oi ashou, aa^°^ ^^§A^o^ ashs hi-ssii** s-aa- ^ xm. ^ ins^oi 5)011 n+sh 

S ^0|A|71| s|fe §*to| xi CK 

n = XH|2 cfSq-S(306)e, ofls E 8^ &0|, »^S(7)S A^o|CH| ^ji o|^cH| 5Jt n = a^h# &IE*IISCH|, | n « i#o|^ X||1 
asi-S &J-£*l|aj-3f Zl SIM ^S.M^ &o\°} ^« ^l|2 ash# &J-E*l|a|o| »#S n= ^H|2 c|-#°tS(306)# QJL 2J 

c|. n = n2 cfSafS(306)o|| SjCHAi, x||i as|# ^2 a^S alE^II^ ^CHE 1= o|Ak sg*^, mh^fl 2# o|4h, 

u^spn-^ 3g oi^h, ac| hi^sioPhi^ ztzt sjoi£ 2S 01^ sjgsioi #7ii 4m o\& 5101 a^acK 

n= xi|2 c|g^g(306)S »^S^ a<X»| ^ #a|°1, 7^ h^o|71|^ #£*o|| ^ W S^^la^ &cf. »^#cH| a 

S^o|^ 310| #a 0 | »# JE |7| a|° aS0 | oIcK 

n= x)|2 ch#°t#(306)o| #ah S o|| a°|-oi «£h|^ 3 ° S^*o| j|i§(f f §, S-^S)^ 3=fe t|f«fs X)|1 ash# 
e!-E*l|si-o||E, x|| 2 ash^ Si-E*ll^ CHJ^51CH|E #01, n= fll2 c|-#^#(306)a| ^S^a^ ^o| *i- 0 s|a| ee*!-, E Qo\\^ n 

* xh|2 cf#at#(306)o|, »SS(7)o|| gsfo) S^s|oi A|A|oh, n cfS^S(306)3f a|o|o||, cfe ash# SI 

E^S o|^-oja #S ^ 51 E #cf. 

*]|1 ash* HhiJtfletS In* i&3^ ash* HtStfl , uHhs|*Wlfe 3S Shth*s| ln k Ga-,_ k N(0 < k <1)S Shi, fi^h uHhs|*Wlfe 
kSi:0| 0.5 o|o|-o| in 

kGa^N, 7 ha uh^ohTll-^ kSi:o| 0.2 o|oh°| | n 

kGa^NS °hch. thS, ^H|2 ash* e]-E*l|ai-s. x|| 1 as|# e>E*||aj-31 ^^o| ao|°h as|g &h£*||o|S -s-ol THIS-Sfe 51° 

ohL-| u-h, sg o0 | #°- x|| 2 ash# &s.mm ^IsHaH^, x-im ash* gi-stliacfE ffl =a (band gap) oHMA|7h^2S sh 

th* £E^ 3S Sh#*°| In 

m Ga 1 _ m N(0 < m <1 , m < k)S uh#*j s|-7H|-^ GaN0|ch. x||2 ash* &J-E*1I» GaN£.S ohS, a*ll 39^01 #e c|- 

#°|#o| ah 9S - oi C |. unhs|& ^*h°-, xfli as|# ah£Sfl» In 



k Ga-,_ k N(0 < k <1)2S °hll, n\2 &E.m& Ir^Ga^NKO < m <1 , m < k), uHt*| °|-?l|-^ GaN£^ °l~^ 2io|c|-. 5E& u|- 

sj- £E*j-cH| SicHAH-^, *||1 ej-£*l|a+ei k&o| 0.5 0|ot°| | n 

k Ga-,_ k NO|ai, *)|2 SSI-S- BJ-E*l|et-E GaN^I ^&o|cK 

*)|1 S! *)|2 SSh# eJ-E*l|sm s.^ °tgi-cH| w^#o| SE-fer oi^ 5! ligKHI #^#o| E3(gl2L 

cK £E&, gFgKXI Egtfe 3^, SSh# B*E*|Ht2| nS g> $s feEfi j. xh| 2 SSH efE*l|at°| nS 

xh| 1 SSI-S eJ-s*U°t £E-^ xh|2 S2|-S efE*l| e|o| CHE 5! SIIWI, M£^o| Egs|-iir 3dS E=E£9o|ah Sotm, o|s>t # 
° y^ESIS 5dcH| 2|SH, s^o| »#=|7| 41 S 3sK>| flc*. 

SES- nS M^#^aH^, Si, Ge, Se, Sn, S#a| 4^, 6^ S^S aieh^ 5!o| uHJ*| o|oi, S.c[ hHHS|S|-?||-^ si, Sn* Atgfhcl-. 
nS 5 xl0 21 /cm 3 o|ot, uHt*| °|-?l|-i=r 1 xl0 20 /cm 3 o|o|-s sg&c|-. 5 X10 

□^7W0|ct. 

$ SEN 5CHI &o\M, ^#^=E£| #£S(7)&, In 5! Ga» Jt^°H= S£t# efE*ll , uh&s|SWIfe I^Ga^^O <a < 

1)S S^sl^l, n§, pS CHi=. 3dE #^IBJ-, ¥S7|-)°M nt= ?io\\ s\m £t& eH=ZJ-2j £:n, ^Hl-S-fil &} ^ 

(half width)o| g7l| @cf. tt£$(7)o| nS S!/££^ pS M^SS #cK #£#(7)o|| nS <2i5Eg 

& 31^ h| jushoj BH=zf W» £t£E» *°| S-^h7H| m 4 s sm. #£#(7)o|| pS M^#S sgshS ffl =|H nH&fic^ 

0.5eV cHIMx|=cH| n|H nfei-g o|=a|^ - al^lEJ-, eh a 7)1 Scf. »^#CH| pS nS ^ k ^S £§Sf n J, 

PS *e*E.h E9& »^Sa| Mch H7i| # ^ ?jcK m«| p a £SS S^sfe 3^, 

2| £lSSe Si^sl £S«HAi S*fl* n|2£ ^ ^o| nh&s|«|.c|.. a§^o| #g ^SA|?|7|o||t 2l^So| 

7h& an^5|3hcK 

#Aj*( 7 )o| ^##^°| SIS^/Ht, AH|*kE|X| °>X|oh ^#§0]M ^#3h3 ^#gO||Ai SL47J14, ^##0]|Ai SJ#3h 

3 S-W#0)|Ai *L47iL4, g-W#0||AH 5j#oh3. S-«#0||Ai g-«#CH|Ai ^#o^ ^##0]|Ai gu^£ ^##o| 

^|0|| XiOiAHfe- 100 0|oK H^5|*W|t 70 0|oh, fiC|- H^5|SW|^ 50 §^M§ o|shs ssacF. 

□t assi^i axie.naxi-s oi^, u^sj^i^ io§^n oi^oicf. ^##oi 100 s.c[e. 

era, ^ h ¥^ 2000 o|oK h^xj^i^ 500 oi*k acf umxi§ W | t 300 oishs 5§s 

cK at ^|2j m*| thgs|x| ^x|oj- 18^ o|^ uh9s|«h7ll^ 10 §=^# o|^ 0 |cK S-w#o| w°|ch| °J 

o S u^s|«|-7|| #a 0 | »#£|7| t|c+. 5Et> #AHg( 7) Sxfl o| m m«| 7H|fhs)x| LED ^a|-°| g ^S^l HhS^S 

nisisHAH, a! ^##°| z| sj# ^aH# *ah#( 7 )°| # °t ^7>||S £ES&cK 

* ^a| ^eH 5 CH| 2JO]AH, p = #B(|g#(8)^, ffl=a cH|Lix|7|- a- XH|3 el£^|^ XH|3 SSft e^Mcf ffl=a cHIMx|7h 

AlbGa^bNCO^b^DSS. p|¥-CH5! Ei^S0|cK 

^^d, p^#£HS#(8)o| ^S^s^xhfs)* p^ ^=^#ang=o| s =ch| cmoi 0 |oh-a?g&^. 

^#a| #Ej|g#(i7)a| ^#a|# XH | 3i ^ 4 ^aflats] a| ^|^, 100 o|«K S.c[ u^^opil^ 70 S 

o|Sh, 7I-S- uh#5|o|-7)|^ 10 40 g^^Sal a| ?H|3 el£*H^ ^4 SSH a| 

S. £!S-a| ? |-!= gf2f a|jH3|-oi as^o| #g ^&a|^ ^ gj^ ^ ss( .= *o| ^S^o| s|7| [EH^ 

oil pS S7h?> a^cHI ?H&|CH fe£7h x)g-#o| pgo| <^o|x|2, ^Ah°| Vf| oj^ s = 7 ^ 4=1 3&o| xi 

^. o|sf g-^ ot 2#^°| S# & *fo S 3hai &|Bi hh 5j#oh&| ctg^gg aa&c^. ziaiji, p= ^#°t #BflS*(8)2| # 

of iSS, zl *f|3 51 m &E.m*ts\ ^ at iSstoi £j#S|=^» 5iol| °|sH U&cf. p* ckgat #aH 

SS(8)S| S at ^It, SS=I^I SfAlth, 2000 o|Sh, Hha5|Sh7||t 1000 o|ot, act Ht^^| t 50 o § 

o|2, # at-;^|7t^l fflfloia Hf#«e|o| aa, Vf7t ^ shficf. 

m Ss;t# SJ-£*||at-g ^CHE Al* itt°fe n[m^m^r Al n Ga 1 _ n N(0< n <1)# ^g.A|?|^ 5}o| a°t£|ni, s)|4 

SstS SJ-£*l|at-g HHt5|oh7)|-^ AlpGa^pNfO <p < 1 , n > p), ln r Ga 1 _ r N(0 <p <1)^ 2§! &mw, 3S ShttSsl SSt# gh 
^&a|?|^ 3[o| aaacf. P^ #BtiS#(8)« i^At otej, SS^o| #71| s|ji, xis,h#o| xtototot VP h x| s^hfe a 

soi aict. 

p^ ct#9t #2tlS#(8)a| ah| 3 S^t# ^£jfl|Btjif x|| 4 S^t# p ^ feE^ ^o|*M, iJih #s| a 

71|ot7^t, g| a- #s| ^71| &ct. n ^ #BH9#(12)st SeH^, cHIMx|7t ^ ^St* g*£*||st 

pS H71| srtni uh^ 7j o||Lix|7t ah|4 S^t# e>£J«flat2| pS ^711 °WL-t, utlt5|3t71|43 ?!Eg° 

S otgl °i7)| a*, Vf§§ x-lotA|^ 4= ojcK EE*t 4P|2f 8|| E #c t S ^ ffl = 7j cH|Lix|7t & ^ 3 S2h# HtESfl a|2| pS 

^71| 3t21 H!= CH|LiX|7t All 4 ^5t# aKESflats] pS 3711 SHE #ct. 



A)|a«fle) as|* a|o)| °| a|%*!°h -, X 10 18 /cm 3 41*1 1 x10 21 /cm 3 , d^xi^i^ 1 X 10 19 /cm 3 41*1 5 

xl0 20 /cm 3 ffl^lS 1 X10 

18 /cm 3 ac+E aie a?, as se«chi 4a»«2i ash* hab\ ny\ *\n =i:a. as sehoii ?naioi ^^i- & #oi eoixpi 

g*to| ?IJL, ££°| 1 xl0 21 /cm 3 acf£ «S a^, as^ol i^uWfc a»o| JM. &B, 4&!«Ha| ash* e_h£*l|at2| pS 

3Si»HS| §2ft Si-i*l|at 5jo S #2I d|-lf2|3|-7||^ 1/10O|Af ™^ 5J0I agj-acK 7hS" UHf2|3|-71|^ 

°h£! 7|-S-o|#£7h^s* 0 | eof3?|L4, atfil ¥>1PI-gf7| nil soil 3Hd»Ha| ash* tt£*l^oi|/H «&) #^E|oi £^ pS *^*o| a! 
31, n 1 xio 

20 /cm 3 o\mt u^5|shc+. SE&, H J^ 7 J(bandgap) o)|l-|x|7|- a *||3SJ gsh* ehE*Haho|| pS #^*# 5|7|| £93|i, BH=g o)| M 
x|7h^s fl | 4S | aS ff Hi-siflatoil p*j 5t?HI ^aj «e||o|cK 

pS £-^*St Mg, Zn, Ca, Be ^7|#ff *|| 2A^, 2B^ a^°h31, a|-#a °KHI-nr Mg, Ca#* pS £-^*S £hch. 

5E£h, cf«B» ^Sfe ash* SLhStflSoi SJOIAH, *^*o| mfeEilL £9=l^r §S : ^»o)| cM*K>1 &h£*ll# §ai« egf2 | 

M£S fe£7|- 321 B^2| #t&* ^£7h 5M|(Hh%S|*M|fc 5!0| J"H*W?lfcE|| #ct. 

cJ-S, P* #£H9(cladding)#(8)o| ptj *^*S SWth Al b Ga 1 _ b N(0<b<1 ) t^§£S ol^cHa 3^, p= Ehiiat #sj| g#(8)a| 
at^^l-b 2000 o|3K u|-^xj3h7i|t 1000 o|3K>|:n, 2_c[ um™nn^ 500 41*1 100 S^es o|3|-o|ch at ^ 

?A\7[ &7\ w^oj 3 = unt^spil ^Ss^ol S^Eioi, V f7h *|*h-£|cf. p = EH|ot #awg#(8)£| ^= A , 

bGa^bNfO^bsDoIcK 

£E&. EhiJa|#°| ch#a| ^°| p * # bHSso|| a|shol Sofx|x|eh, 3|1 ^5^5(4)^°! 

thcHI s|sH, ag^ol #7]| 3do| 7|--^-§h31, °j7|| S ^(threshold current) S! Vfs| *l°h7h 7h^-°P1l S^K 5E&, P|ah ^o| 

?Jo|AH£ zi S ^tho^ 5io|| s|*n ^x|-°| 3H?i| s^, ci^o| aa=fro| &!7| n^o\\, ^|SSS2| 

^o|^7F7^p1| s|ji °tA|3HE S^oii tj^^^cK 

p= Eh^a| #Ej|a#(8)S| pS ^E-b 1 X10 18 t-Hx| 1 x10 21 /cm 3 O| 31, u|%*|Sf7||-& 5 X10 18 5 xl0 20 /cm 3 , Mcf- a|- 

lt^3pl|^ 5 X10 19 t-Hx| 1 xio 20 /cm 3 o|cK &7\ S^I^J #^ pS^o| <^oig ^ 511 cf. 

cFS, * -M A I°1I 50|| cc^S, Mg p^ GaN ^a|M(contact)#(9)e, A , s *^^x| °>-^ 2S SHh#a| &J-£ 

SIIS. eJ-cHS In, AIS &^ 3|-3l SJo Si P S=(n)# £ai( 0 hmic) a^o| ^cHa ^ &7i\ s\o\, ^#S#0| xi^gcK p ^ 
M#(9)S| a|^^|^. 0.001 l-Hx| 0.5,«m, HH^5|SW|-b- 0.1 Ml^l 0.3 A m, Mdf- S|-7||-& 0.05 0.2/onO|ch. a|^|7|- 0.001 A m fi. 

^£ ?J=e pS GaAIN #Ej|g#^ £p|w°.^ th^PI tl^l =|31, -E^^#°^aH CH^cK E£*h, shtJ-^al GaAIN 

#a||g# floii, ^ah 0 | Aj. 0 |*h 2S ShthSsl GaN #« *j#sp| nflsoil, shells af^l* 0.5/»a^£ ^^7H| Sh°j 

2| ^tholl s.\m ^[ athol P* GaN #(9)§Z_ho|| ^Sh7| tfi, a§AH 0 | ggol Si^h. SEth, asfS #S| a|- 

»|7Htforao|| cc^vf* 7H*K|?|jl ^sii Sh4hA|7|^ 3J0I 7hfe*hcf. SES-zi P S GaN #(9)a| pS M^#o| MgO|°j 

pS ^^o| £o|x|7| HJL, Sai^^ol ^olx|7| ^7|| gef, Mgal 1 X10 

18 M|x| 1 xl0 21 /cm 3 o|3l, u|-lh5|S|-7|fe 5 X10 18 t-Hxl 3 xl0 20 /cm 3 , S.c[ u[mz\*W\£: 1 xl0 20 /cm 3 SE0|cK Mgfe£7h zl ffl 

?|0i 2J°S p«OtO| ^0|X|7| fjjl, Vf7|- UHh5|3tf| ?H*hacf. 

SE°h, n S^(12)e n= g( 4 )^|o||, p^j^^ Mg£S p= GaN^ejM #(9)^|o)| zhz> S^ei^ 01 dK oj p g^o| x[j£CH | 

SiCHA^ as| °hS3hx| ?>x|ei, oils n£!^e w/AI, pS^^ Ni/AuS 5io| 7hfes|-c|-. 

-maiseh 6 cn, s y-ii^r shsa ^ai^eh esi ash* ch*h Raised 6 si ash* b>£s« ^a^ n s cfs 

a,^S §y pS ^#a|## gsh* BfEiloll, 7|^ aj A |w eN 13f S e N o|7| [ffl^oll £ 1 # S£S|o| 

ajaiseH 6S| 3£h* e.h£*ll ^:A^, a|-h|-o| o| (sapphire) 7|e(1)flo)|, GaN°S o|^-CH2 t*itt|#(2), 21^9 GaNS(3), Si £9 GaN 
— si o|^-CH5! nS ?s|S g(4), GaNg(5), nS ch#at#(6), lnGaN/GaN°S o|^-o|5! ch# °fxh ^*^i #^S(7), p« 

^§^§(8), Mg £9 GaN°S o|^-o|5! S(9)o| ^a|c||S ^#s|o| ^s|31, *h7| nS c.h#a|^( 6 ) 5! pS c-h#at# 

(8)« z^z^ai gsh# <gvsM S!/£E^ g^7h n*sh p*o||Ai ^ 0 |*h So| aja| g E || 1 af c^cK SE*h * aj A |^eh 6 a| 

SSh* &h£*II^Aho||^ ^h#a 1 hg( 6 ) * p« ch#at#(8)°SAi , aja|^e|| 1 5 o)|Ai # =o| A ^g- ^ °J 

c+. 

CH7M, £ io|-fe nS SSh# Bh£*HSAH n S ch#at#g 1= °! p g gshi y-£«l|SA| pS chg^g^ 1# a|^^ oix|nh, n * 
SI p^S^oil ztzt ch#a|5g 2#o|^ a| ^je #ch. o||« *S , #7 1 GaN#(5)S, 7|e^o|A| SSh# 

Shells o|^o|S ^h#, #^*o| £§s|oi SJ-^ ssh* <eis.Ms. o\^-o]*\ s! ef£9 ash* ol^oiAi ^* 

« ^aHdhs »#ohoio|^a ch#at#o S §hoj, tlt#*aj, Vf Sj SSu||&o| ficp uh#s|«h7il tf^S ^ SJ^h. o|fih ^o|, n ^ S 
^o|| 2#a| nS ct*at*o| SJt 2#a| n S ch#a|#o| o|lj oj 7( . 7h pS ^f4§o| #^a^h p^ch^ #^h. 

^aj, chSa|#o)| r,||3ha| aSthch. 

^ Aj A |oi| 6011 uhah, nS cfS^«(6)S, S^o| *$0]5- 2S^ o|Ato| £h£*llS # j7_ u^s|«h 

Al z Ga 1 _ z N(0<z <1)[*l|1 ash* eh£*l|a|]3h ln p Ga 1 _ p N(0< p< 1 )[^|2 ash* &h£*ll a|]3f°| 2## S^o|ch. 



sin ash* B.^sflatsi 3Eas, *tn ash* sj-^h^s j*«hsi z gfoi aohacni saaoi #?n sim, 

act Hhlha°h71l-i= z &o| OS M-Ei-m-^ GaNo|cK 

el*}, m asm ^iE.n^s\ ui-^aa- a7i *ii2 mmm ^s.m^ ^em^ s|-*i-a|2.| pgi oi o.so|3|-°i i n 

p Ga-,_ p N, ficp um-sisK^ p&o| 0.1o|3h°| | n 
p G ai _ p N 0|cK 

-& Bi-Soll SicHAi, *)|1 SSI-S BhE*||ej-j4 *I|2 ash* &J-£*II n|-i|-5|& 5ts, *||1 gs|-S y-£*Ha|o| GaN o|i, XH|2 S£h* 
y-ix-II^Ol Xgi 0.5O|^h°| In 

x Ga.,_ x N 2i ^t)-o|cK 

SES-, a-7| ee^o^ o|^-cH5! n?j c|-#Q|#(6)s-, *I|1 y-E*1l H SI *H|2 gsft Q|# zj-zf a°]£ 1# o|a g^jfi, 

#ShOj 2# 0|4h SE t 3g 0 |4h, «HhS|*W|-b ^ ^OiE 2# 0|4h 5H#3H, th^hoi 4 # o|a ^#oH, u^xjspii^ ZJ-Z| sjoje 

7# o|a a|s*hji. 14S o|a aisecf. 

7HI1 ash* *ii2 ash* eiE*i|ai-°i 5j#=^°i Aj-si-s a§| atrial-, 011s §a 500s omo\c[. 500mm s^h 

ffl,^§sfe M7}o\ x|u^|7i| a si ^3|o| ^x^ahqi g§ ^H*h*|-& S&o| &!c|. 

nS c|.#a|(6)« ^Sfe EhU ash* &J-E*ll#e] a|^|-^, eFS=I*I 2S o|aj-°| a£ |. s dj-E*ll#2| aoi^ 1 #a| Eh 

ij asit e>£siS2i q-^is 100 o\n, unraswit 70 oisk s.m unha^n^ 50 g±mm &ck 

o|2f go| nH c^^g(6)# ^a°h^ EhiJ ash* a|^IS Sf?)l §hfer cH| a] all, c|#e|go| Sim, ch# 

at#2| a§ Aj 0 | nH-S-oll #^o| g*a=l£r a S0 | SicK 

n « c^^g(6)oi *m mmm <&E.nnn m mnm ^a^i-^ s ° ^chs °jyej sj-^is 100 §ae § 0 \ n a[ 

m^nn^ 70 m±=m oi^, 71-a a^^i^ 50 s^es oi^s tu^. 

&J-E*l|st S ^2 S2h* eJ-E*l|ej-S| ^CH£ §Jg^o| 100 §ae § o|S|-°| a|a|#o^ Ss( . # z|z| 

&Sa7f|at¥»ll Olohsi s|(H SSo| #7i| ScK At7| SSaho| 7Haje( Ss ^ # Sfl o|| cfx| E^gJTil^^l o\i5[°\ SS|-g £h£ 

xi« «SA|?ia, ss^oi 7H4siacf. A 3 ^7|^^E^ si ^12 ash* as^oi ^#§011 cl^h s^siji, n 

n c+sBts(e) a«isi as^oi sfaacK #71 n s ch#^#( 6 )°i a«i aaaoi *fa=i^ ?ao\\ si«h, ^a^i ^ S a 0 | »^gcf. 

^11 ash# HhEJtflet SI *1I2 u|-#a& at^llfe a¥ 100 §ae § 0 |3h, ac| ti^^l^ 70 o| 

oK 7hS uHhs|*h7||fe 50 o|*K>|cf. 

nS c|-«ej-«(6)g ^H|1 S 1 ^12 ash* ej-2| ej-^|7h 3.^ 100 o\f>[^ Ehs ash* ^¥ 

;^i7h a^guniaj-^i oishs sis, s^^h uiJUohoi ggaoi thas)^ ash# «f£sii7h aas -f aich. 

5E°h, nS cheats (6)s| ^^ S ^12 ash# y-i*||a|°| a|^|» 70 o|shs , ch#aj-go| ^xf- ^p-^=i E|CH 3 

sahoi *ta^ni, a7i 2§ahoi ifa^-b ^oii #a#* ^s=ts(6)oi ^^gBh ^oi as^hoi aaa 

oi #7ii *a#* aaaa ^ ai^h. 

nS c.h#a|#(6)a| ^^ll-^, ^\ ehS=l^l at^lef 25 10000 §ae§oU, «h#a oh7i|-^ 25 unx| 5000 S^SSoln, ach 
uhlha^hTII^ 25 M)a| 1000 S^M^olch. at^^|7h ^7| SflolS, 3Sao| #n s^o| ShathcK 

n « ^g^g(6)s s^ei^ *has|x| °>n, »as(7)o)i a°hoi sa^icH^, »as(7)sh soi^ah sa^ois #n, Hh 

IhaohTII^ ch#°t#(6)o| »as(7)cHI a°hol sa£|ojx|^ 5io| Hhf?jsfcf. 

n « ch#^#(6)oi »a#(7)oii °ia^hoi sasioiAi^ »a#(7)si sis g°j ^*# a^s^h a°ht ^#Qt#(6)# 
?-a°h^ ash^ y-£*nsAH^, ash# oi&h£, ^12 ash# o\z[s_ #ch. o|ah zj-oi n s ^h#^#(6)* ^p-a^h 

^ ash# ets^otaf xii2 ash# yEsn^h^i a#^M^ m?>\ sa=it 5!^ omcf. s^, thu ash# ei£*iicHiAi as§ *i 

aoH 7H|1 ^sh# y-£*l|0||AH *l-^, XI1 1 gs|-g uhE*l|0||AH a#* a|xj-s|-Z1 x\\2 ash# BI£*I|CH|A| *u|. Ei 7H|2 ash# *VE.no\\ 
M a#« Ai^m xi| 1 ash^ BhE«|0||/H #L4E, EE &h *\\ 2 ash# Bh£*l|CH|AH ah* # a|^3H tch) 2 ash# el£*l|o||Ai fufE # 
cK 

£ io]|a^, cts^s(e)s, »a#(7)oii a^h»i a«sioi5a^iEh, a7iah f>oi, ns c^^#( 6 )oi »a#(7)ah a oi Tii ah sa^i 

CH nS ch#°|#(6)5h »a#(7)aha| Aho|of| , c^ nS ash# BhE*|s s|fe #o| Sa^lol Si^ 5i£ #cK 

S AMISEH 6011 SiolAH, ch#Q|#(6)* ^a°ht Eh^ ash# 01|* ta 7-1 1 1 s! ^2 ash# &}E*H^&, ?1ES£|CH 

SicHS, r\M *^*o| £?ie|cH sjcHE #cK 

s aAi^Eii 6chi sicHAi, ^^gs °i^a°^ m^** t^ohxi a-s. Aj- E |) S 0 ii# #a ^ja°ht ash# &j-e*ii#oiiah # 

acHI s|«fl S'gjElcHxit M^*E * USoHt <2l£go|ah uecf. c[a\ ^ha, #acH| a|§H s'g.'sloixit *^#in °JSH M^* 
S^o\\ §A|t E f z>^dK 



ns asas(6)s ^-s^ as mmm eJ-£*ii#o|, ^^ asi-s a£*iia §y *ii2 asi-# aE*iia°s. oi^cxa a°, *tn a! *ii2 

x)|1 a£*Ua S! *f|2 S£|-M CH^ 51 SIIKHI E2!°Hfr 51 SE-^ ^ofl #a^o| ESs|cH °]a 

°H=r ash# a£*ll# Ho\o\\ fe£7h cfe 51S Si £3<o|e^ tgs^ 5ioll twspl <ms gtfol sia. 

*m as*iia s «|2 ssh# BtEfliatsi srgHH #a#oi £sh|c^ s£r °ia°H^ as ash# BJ-£*II#CH| # 
as^s mn °pi ?i«h, eiigoi 71-3- a^°h:n, ^§05 °is°H=r saoi eitg sit a^tg, ^ cf§o 5 sa°H^ 

olS. #ch 

nS #a#S ESsft **| &g=|*| SMEh 5 x 10 21 /cm 3 o|3h, h^5|sw|^ 1 x 10 20 /cm 3 o|§h 

?5X10 16 /cm 3 S 5X10 

21 /cm 3 Mcl-E St°g isft eJ-£*ll#2| SS^o| ga 0 | g°to| gicK o|5l °- E9&I a °-ol|£ 

SB Se||o|cK 

$ Btii o« SidA-j, nS M^*^ Si, Ge, Sn, S §fi] 4#, 6# S^S 4da(Sfe 5Jo| h^*J3He, uWs|*Wlfe Si, SnS A^°h 
ck 

^S, pS ^#^#(8)o)| cesHAi tfg£taf. 

■& a>M§EH 6011 c^EK p « [}SBtS(8)e, ££ah 0 | c^s ^oji 2#-ff o|Ako| BhEfllS ^s|H #21, sge, 

Al x Ga-,_ x N(0< x <1)[fl|3 as*ll aM ln y Ga 1 _ y N(0<y< 1 )[^H|4 eJ"E*ll ej-] 3f2| 2## ^o|cK 

fl|3 m^S BhE3tflats| 5^^, ^7 1 7H|3 3Sh# uh£*ll ^« M-EWI-iE x g|o| 0.5O|^°| A | 

x Ga-,_ x N o|ch x &o\ 0.5S ia^S g§^o| q-Shs|oi 35H(crack)o| ^7|7| 3SK>| 

XH| 4 SShS elE«|ej-2| uh^th x|| 4 ashs ^# ^EKflfe y Sio| o(fl|S)°J GaN0| c|-. yg^ xh| 

^0|S SJ(||5|SS SS^0| #S ^#^#0| AjxME|7| g*t 0 | °JCK 

* *!>MSe|| 60|| SicHAi, n S ^S^S(8)# Hh£J«2| *l|3 S^hS &}E^l^o| xSi 0.50|^°| A , 

x Ga-| _ X N o|Jl, xi|4 SShS y-E*ll^o| GaN2|-s| s#o|c|-. 

5e°f, oi^chs P s cj*ot*(8)e, ^13 mmm as ^4 isn aj-s*n ot» ^ ^oit 1= oi^ g^^, 

PK^ 2# o|# 3S o|#, ^ 2# o|4h ^S^ni Ih^oi 4 § o|^ xh S& ^ 0 |cK 

fl| 3 SSF* &J-E*l|at3f t:i|4 ash* B>ES|ofr2| ^*| ?>x|nf, »#a|^ s n| i5 §4 ^a^s^ #s nislshS, 

oils. 100S o|^o|cK 

cj-#at#(8)2| at^|-b, *o| S-gs)A| °>x|o]. 25 u||a| 10000 g^Mgo|2l, uH|-s|S|-7||-b 25 lHa| 5000 §iI§oU, fic|- 

u[^mis[n^ 25 u n a| 1000 §^e^o|c|-. at-^^i7h aj-7| afloia, as^pi #s ^a^°i #a 0 | s^s-ci-. 

SE*h^ as oil D g cfSetS(8)B H?|2| aj-^l lHo|| h|jh» ^^|# Sf7)| aas^th, ^^a| vf, ail S*7hJ«H*h 

opi tin sit a soi act. 

pS ^#^#(8)s ^-^^fe ash* ei£*ii#ai at^it, assi^ 5°- ohu|, oi^sj a^# eie«iissi **o\s_ 
^w J ff- mmm y-stnssi as a^s a£*ii#si ^^11* 100 oi§k u^opii^ 70 om, s.c± a^tsm^ 

50 0|3hS. S-CK 

oi2t aoi P s cts^s(8)« ^^o^ as ash# a£*ii#°i a^i* awi ^ aoi si«h, ^sa#oi i^xf. s| 2, cp# 

St#2| SS^Ol #7i|S|7| lUSOi, P S *^«* S7h&a^?H5jOl fe£7|-aJl TH9«0| P S0| e<HX|S, ±.^9\ Vf fifgHI 

£!-ff#o| 7H*h*p| ^l°r a &o| SJcK 5E*h Ai^H| gao|| a^5j*h <^ g - oIcK 

Po cts^*(8)oi xii 3 mmm ^EM^m ^4 ash# as*iia°s. =?-^s\^ a°-, ^oi^ a^i» 100 o\n, *\ 

xii 3 asi-# at*iisi si ahu asi-M a^iasi qo\s_ ss-oi 100 s^m§ o|3i-°i oi-s, as ashg a^ise aa 

aasi^iot^i oi«hs ^ch a§oi #7ii gcf. 4f7i agAHoi 7hais a£*iis^oii c^i aggMiot^ii oisksj ash# at 



acf aa^oi 7h^^ck ^is^n xh 3 si x-u ash* <&E.mits\ aa^oi si#goii c^sh »^sis, a^t p 

S ^#s|#(8) 3*11 a] »#gcf. pt! ^#a|#(8)°| 3§^o| S^si^ ^ch| p ® S7h*hS^ ?H 

x|| 3 ash* y-£*l|H! 5! *\\4 as|* ^M\^2.\ uHh^lth st^l-fer ^gj- S-^r 100 §^Si o|s|-, fic| h^xi^.^ 70 0 | 
sh 7hS- H^^7i|^ 50 o|^o|cK 

p « c^oh #(8)m ^Misi^ m si *ii4 ash* Bii^ii^si at^ph a¥ 100 shg, g-si ash* BlEfll 

»l|7h E.^gj7)|°t^| o|*hs s[i, atoii ag-s|fe S^&h 3S^!o| »#=|fc Itft &f£*l|7h ^ sU^h. 

pg chSQt#(8)S| fl| 3 SI 7CH|4 ash* BhE«|Bt2| gfgh af^l* 70 g^i=# 0|3^ 3rhS, Cf*BJ-*0| £2jAh S| 0| § 

S^O| S^S|7H^, ^X[o\ Vf aj. gj7||2fi-#0| 7H*h*h7| tPil =1?^, uHf5|SMI U9*ajS S^A|^lcK 

ct«at«(8)e S^s)^ es=l*l aa, «£»(7)o| a°H*l s^£|cHE, #^#(7)^ 9 o|x| §ah5l|oj e #3, 

*j°h7i|^pS ^#^#(8)o| #^#(7)o|| gsKH S£5|o]x|^ ao| HHhs|*hcf. P S cf*HtS(8)o| »^#(7)cH| gsfoi S^s|o|x| 
g uh&s|«h7ll Bt#*a(o| SK*sp| t|cf. 

pS ^fta|«(8)o| #^ft(7)o|| °!a*K>l Sg=|0|*|^- 3°, #&3(7)2| *|i #°J Y*§ ^ S^*3f g*hfc pS cf*atS(8) 
« ash* Hi-ESIIfe. ash* Bf£S||ot o|a|E, m lift Bf£SII of o|a|E #cf. o|s>h ^o| P S cf#Qt#(8)* =pg*h 

t ^13 ash* a£s|ot3f m ash* ytsiiows] xH # - Ai - m §l oh^. a^, «i3 ash* &}e*iioiia| a| 

*|-o|-:n XH|3 SSI-* y-£*l|CH|AH *u|£, x^|3 asf* y-£*l|0)|AH A|w-3|-ai Xi|4 ash* y-£*l|CH|A| gL-l-i, XH|4 ash* BJ-H*l|0)| 

A|w-3|-ni xhi3 ash* y-^*iicHiAH *u| £i sE°h xii 4 ash* &j-e*i|oi|a| A|5j-3|-2i xii 4 ash* y-£*i|oi|AH # 

^. 

£ 10||a|^, pS ch#ets(8)e, #^#(7)011 a°hoi a^sKHa|x|eh, ^ 7 |^^ 0 |, p« c|g^5( 8 )o| »^s(7)sf SOI^AH S^E| 
ol SJ^ 3^, pS c|g^g(8)sf »^S(7)sfa| A|-o|o||, cfe pS ash* s)-^ #o| &&s\o\ 2it 5!£ #cf. 

se&, ■& a^ion 6oii sioiAH, xii3 ash* BiE«iiot 5! xh| 4 ash* etsfliote, 3.^ ei^s =ioie, oi^ 5! aawi *^*oi 

£§E|0|£ ofg,K)|| pS #£r*0| ±%5\0]S. #cf. 

pS Ch#5|#(8)^ ^&ntr X||3 Si Xi| 4 ash* ehEfl^S, Sfgh a^0|| <2l£S°J 3°, pS ^#^#(8)21 ^^IS 0.1 A m 0|*K uh 
^5|^|t 700 0|*h, SLC-l tdh#2|3h7i|^ 500 0|ShS °hcf. et-;^|7h 0.1 3°, »^*o|| §^ 

(electron hole)o| ^<iJs|7| o|3|^| ^#^o| Ais|.§p| Stho| Sicf. °J-^|7h 0.1/an* i^hohg, 2l£S#2| ^&*l7h 

^7H| s|fe 3 Sho| SU^h. 

ia, ^hi 3 n xi| 4 ash* &j-E*iiat2i oi^ aaoii, pS #^*o| es^ioi Est shg, ^#s^oi tf^h^i aaoi su^h. 

SEth, ESohS 7H&ICH ^£7h p#0| U^S|Sh7|| <^o|x|7| t|ch. 

5E&, X|| 3 SI XH|4 ash* Ht£S|a|-2| °tg,K»| pS M^*# ESSrhg S^OI §^£h H|iil3hOi, 7H&IOI ^E7f ^7i| H| 0| Vf 

7h Ai^Dh. xh|3 si sii4 ash* agwi pS m^*« ssoh-^ a^, ^a^ht ash* yssnsoii ^ E7 h b^e 

SSI«|£#x|E>. ^h* 3d0| uh#5|3hch. 

S aAlSEN 6CHI SIIOIAH, pS ^S°tS(8)o|| pS #^*S ES3f^ g^, P S *^*^ Mg, Zn, Cd, Be, Ca 2^ S^7h 
5| sun, ac| uhU-2|3|-7H|-^ Mg, Be* A|-go|-cK 

pS #^** 3^, M** ^E-^ 1 x 10 22 /cm 3 0|3h, uh#5|3|-7||^ 5 x 10 20 /cm 3 Ol^hs ^Sth^h. 1x10 

22 /cm 3 acht ag ash* g£*ii#°i s§aho| °|shs|ni, i^s^oi A^h^ g*to| 5icf. P s #^*2| es^si 
*hS£|x| g>x|g-, 5X10 

16 /cm 3 o|^o|cf. 

o|3KH|, e io|| nS ^h#at#(6) S pS ch#aj-#(8)o|2|o| cfa z^$o|| q)3ho| aSofxiei, ^ ygs 

o=| ^ | cH| &ss|t ohMcf. 

713(1 )S Cg, Rg 5E-^ Ag# ^g°^ o|~^ a|-ii|.o|0|, SE-^ ^n|y(spinel)(MgAI 2 0 4 )Sh ^ S°J^ 7|=hffi|0||, SiC(6H, 4H, 3C» 
Si, ZnO, GaAs, GaN-^^l Bl-ESj 7|eh* Af-gfi- ^ °ic|. 

uim«(2)°S/Hfe. Ga d AI 1 _ d N(Eh0< d <1)S o|^-o|5l ash* £|E*l|oU, Huswife Alo| a|7|| i&S ^ah^^s S§ah 0 | 
7HAjo| SAishJi, acf uh#5|oh7||^ GaN°5 o|^.o|5! uin|#(2)o|cK 

H2|#(2)S| ej-^l-fe-, 0.002 uHx| 0.5 m , uh^ o|-?||-^ 0.005 u||a| 0.2 m , fic| h|-1^S|S|-7||-& 0.01 ufl^l 0.02 A mS| S^IS 5§lh 

ck b^#(2)°i e|^i7h 4h7|w^ioig, ash* gs^|o| aa«E|7i-7H4ds|ji. tH^#(2)floii ^asi-b ash* g£*ii°i s§ah 0 | 

7HAj=|ch 

biEi=(2)S| 200 M|A| 900 °C0\H, 1s\n ^ 400 A| 800 °C ^§°h^h. ^S"-EE7h aj-7| «^|0|g #^ c| 



aSo| sim, &7\ cfagol gag(seed crystal)°SA] u(B|$(2)?|o|| ahxi-ei^ «JW £IE*I|h| SH^a|zj - °|c|-. ^ 

om Soil AH tdiEis(2)S 7|3 § = , ^Sgfg#o)| ^a|- ^at§n- Y^ohcK 

GaN#(3)S, o|Ajo]| gg-A|?l uJE|S(2)Sc|-e m^, o||S fS 900°C 1100°CO)|aH ^g-A|?|s, ln t Al g Ga 1 _ f _ g N(0<f , 
0<g, f+g<1)S ^ahs - 2iJl, zl ^ah^ *hSs|x| ?>x|el, Split GaN, 0 Sto| 0.20|ol°| Al 

g Ga-,_ g N^^ si-g assaoi w£ ssi# ^e*ii#oi <^ch^i?i tici. 5E& aj-^ii-fe »»i aasi^i awe*, hjhssci-e 

at, S#0.1 ^mO|Ak°| et^lS &g-A|zj - oicK 

Si GaN°^ o|^-CH5! ns! 5^#(4)e, GaN#(3)s|- &g , IrifAlgGa^f.gNCO^f, 0<g, f+g<M)S X!^, 

zl *hSs|A| QWeh d|.^xi^|^ GaN, g&o| 0.20|ol°| Al 

g G ai _ g N^^ assaoi *m usis &}e^i#oi ^oix|7| tick a^it m*| essi^i awe*, n^i^s ggsfe #0 p| m 

^CH| 1 Am o|Aj-o| q^ = »|| S AHg-Ai?!^ 5io| fi^Sch. c-^ol ngj feE^ flaf* Bt£*|2l 2§^f °tsl°M afe a 

feE E9o|-^ 5J0I as!-s|-^-c||, 1 x 10 

18 /cm 3 o|aj-, 5 x 10 21 /cm 3 o|s|-°| sgsfe 3Jo| a°J-gch 

GaN#(5)S, ^-7|efS--s ^eh, ln f Al g Ga 1 _ f _ g N(0<f , 0<g, f+g<1)M 4 s Sim, 3 e!-3=I*I afr^lei", u l% 

GaN, 0.2 o|3h°| Al 

gGa^gN, 13 fSt° 0.1 o|3h°| in 

f Ga w N«S ohS a§#ao| ah S &|E*ll#o| ^cHxpi gcK 4P\ GaNSS «SA|?|t 2!o]| 2|«H, ni^E^ 

#E9a|^j n « sejE S ( 4 )o| c ^ ## £&a|?|^ 51^ aa| , §jsi a§£ 0 | #7i| s|7| ffHSofl, ci#cH| g#A|?lfe n M 

^#a|#(6)o| Aj & A|7| tMI s|of, cl#st#?|o|| #^#(7)S £S-a|?|h £*i-3p| aS£ 0 | a3:SMI gcK o|fif &o|, oj 
£9 e}E*l|#o^ ol^-CH^I GaN#(3)^|o)|, m£-E^ nil £S & o|^-oj5! nS ?§|Sf 

(4), 0|^-CH2 GaNg(5)S ^#o|-Jl, c|-A| aj. 7 | nS D |-#ate(6)# , LED^ 

AWI & S^o| Vf7h Ai^ E |7| §Sfo| aicK nS ^g^#(6)S 2lEg ^ S^oll elES GaNg(5)S ^at e - o jcK 

SE&, * ^a|«e|) 6 ol| n*aH, ^7| GaN#(5) CHAJCHI, -^a|^eH 5 ah ^eH, ^#(305a), #^#o| § 

7J#(305b), ^#(305c)^ o|^-CHAj clf4§H^ 5i£ #cK 

ai-71 3h#(305a) M)a| Ai-g(305c)# ej-^*f|-^, ln g Al h Ga 1 _ g _ h N(0<g< 1, 0<h< 1)S Oj£! ^^°| ^ s( . 

# elEJW* Ahsa- 4= Sii, GaN°^ o|^.cHaj ^m^ 0 \ a^s^. SE*h ctsafssi Z&AHol ^^*H£ #o|s| 

E A^astcK 

c|-#ej-#2| S-S£|a| 175 l-H t:| 12000 §^HS0|01, uh#^|3|-7||-^ 1000 t-D^| 10000 §^^#0| Jl, S.c[ a[ 

^5j3h71|^ 2000 6000 S^MSo|cK ^7| Sflolffl uUfsjSrpil vf2| e|»s|-2| SSu(|o^o| *t^ 0 | ES 

At 7 | wo|o| nv^ ms 2v^ ^§°4fo| ot^fe, 3h#(305a), #?iS(305b), ^ #*( 30 5c)2| a| sg*hji, ^= 

□tftO] # Of A^| HHO,^ 5101 td^xi^cK 

^AH^h^ 3h=(305a), §?i#(305b), a! ^S(305c)s| z| a|^l^, 5? oN"4, ^S^S §CH| 

¥l*|0|| S|SH ^A^^o| ^|SAH0)| n|*|fe. g*t 0 | At 0 |3p| Q|«0|, ^A|-AH^cH| Ei7i| SHH ^^01| ^7>\JL, 0\ i=. 2 

#2| a|^|S i§3hJi, u^x| 1#°| a|^^l# EMI*I«S eiShA|?i »^o| #?1| s)-^ S¥|a| ^^|» a§3[2, c1a| z|#3f°| 
ch#ot#o| 74± Si z| gguHo^i 3)g n|*|x| SU«l4, ^&ohoj D[i»f££ 3^ 5!cH| 2|«H, 

^A^AH 0 | ot^th 5^ n; SS u(|op| S AH3| #7i| @ Cf. 

°h#(305a)a| aj-^l-^, 100 Ml^l 10000 «|-^opi|-^ 500 u(|a| 8000 fi^h «|-^opi|-^ 1 000 m*l 

5000 §^^#o|ch. <HS.% o|-#(305a)e, st^lS A] A] o| ^7)1 gSM|gJ-o| □} 10 000 ^eol|Ai Vf7h ^ 

^o^, ugh at^is sf7|| vfe ^ohohx|oh sam&fi] 7<ish7h H7i| 100 §^M§ □lei-CH|AH-^ g2u()oho| Aio^l nt 

^^ AyA h AHo| ^3 h7h H7i | £| - 3 et 0 | fiojcf. A^* ( 3 05a ) e nS f^ff S&o^ n ^ ^m#(4)a| aS^ Aioh°| get S 

7HAjofe 2joj3 AJZ|E|CH A|7| DflSOll, aSAH 0 | 7HAjs|^§ E o| ^»I|o||aH AH§- S |- 5j 0 | a^^^cK 

E9S| §?i#(305b)a| ^¥^l^ 50 m*l 1000 u^w^i^ 10 0 u||a| 500 fic|- a|.s^^ W |^ y 50 

uHa| 400 S^MSol^. Ap| #^#o| #7i#(305b)S, 7H&I01 ohoi ^aao]| u|jn» 3.n ^ofr SO| 

ji, ^1 #« s^a|7|a| ^ooj ^Aiopn y-g-eaoi 7H*h*ht aaoi aich at^pnooo £jjf*ha ^= 

0| E|7| OiBi^ SE77I-AI H71| Ajohoh^ 3SfO| cf. , #7i#(305b)£| Ht^|7h ^fS aSMI^S #A|of, ^¥^|7|- 50 § 

□ | t K)|| AH §SuHo^o| Aioh7|- £i7i| S|fe S»0| Sicf. 

Aj-#(305c)2| ^¥^1-^ 25 u(|x| 1000 Hh#^!oh7)|-b 25 M|A| 500 g^M, HH^S|Sh7||-^ 25 150 

H#0|CK A^| A^ S ( 305c )S x|| 1 cfgato) 7 ^°CH| #AHgo|| gSh7Hu|. SE-^ 5^3^ ^^£1^1 ^X|CH| 371| 3hO| 

ohA|of, #3(305c)2] a t¥^)|7h25 S^Mi nlE-KXI-M-b ¥S0| #7^fe g*to| Xi^K ^*(305o)2| af^PHOOO S^Mf 



o|Aj-o)|AHah g-o|, 3|-S(305a) 41*1 ^S(305c)s| ^ si^ll-b, s|^||°| yso)|, sc|. °±s. ^ x ^^cH| ^-=-o| 

3, c|A| o|#(305a), §?J#(305b) S! ^g(305c)S 3^, SL^ ^x|-s^ 0 | gffiSMI s|jl, **| tt&«3| 5! SSm^o| °J 

S3pH| s|£^ z| at^THI* flSSfc- 5lo)| s|8H, I^S^I SJ ^ StCH &#°| a|5L|ah 

£E&, ^#st#2| e|- ^;»|°| z£*hs, tt©n^2| §-ffo)| °|°.h smh # °| ^aho, g = LED rtxf- S#s| ^?Jo)| a| 

«l, ^tS S^S SSSCf. Z| #°| Ht ^|2| ^*ho)| n}£ AHi^S. Ap| wo,o| oh =»||0||A| 2j0i| 

<^#^## ^ °hfer 305a, 305b, 305c2| i^S, In^lgGa! _ m _ n N(0<m < 1, 0<n< 1)3. Sfisl-b S^0| SJc|-°H #21, z| 
#2| ^SJsKE #o|sHE #:n, uHh5|*M|fc in SI AI2| u|#o| a|« s^o|, acf HHhs|*h7||fc GaN°^ o|^cH5! #o| upj 

4*71 #Z*S(305b)2| nS *»| »S=|*| WSi, 3 x 10 18 /cm 3 o\&, u[^^[7i\^ 5 x 

10 18 /cm 3 o|a>o| i&*hcK *^*fi] **| &g=|*| SP^ 2§£o| °^s|x| 3^ §E°| 5 x 

10 

21 /cm 3 o|*h7haaact. *fM #?J#°| ^£7h Ah 7 | Hfloia, nHts|SMI tt9*eis| 9^3f Vf7h7H*tac+. 

nS M^*a Si, Ge, Se, S, 0^ ^7\^S. ^4B^, x)|6B^ H±, Si, Ge, SS fief. 

£E&. cfSoresi Tim oil flof/Hfe, z^o| # §J 7|^# s«ohx| gfe. ifgfs| f§ gffef. 

ctS, »^S(7)S, *fO)E in« S&ohoi o|^o)£l *!S|# uh#*l°PII^ ln j Ga 1 H N(0<j <1)S S&°hoi o|^o)£l 

3fe flHSW ^#^2, SE^ ^* ^^mm 3^cf. 

#AH*( 7 )o| Wg- Ai - ^##0)|Ai ijfjfi ^#gO||Ai *L4£ #i, ^##0||Ai ijfjp &WgO)|Ai gU^ E #3, # 

oUi ^##o)| ah gu^ E ^m, »i^A^ *hgs|x| attct. aj-^ll-fe 100 o|oh u^^TII^ 70 

§am§ o|oh, McJ- uh#*|oh?||£r 50 o|o|-s. SSScf. 100 ficfE 5^o| »#=p| ciEig- ^9o| 5J 

CF. SB, 300 §ae § 0 |oK b|-a5|*W|t 250 0|oh 7h& Hh#5iopi|^ 200 0|o^ fief. 

Mg £S GaN25 o|^-CH5! pS ^^^#(9)^, Aj-7|2f g E || in f Al 0 Ga 1 _ f _ 0 N(0^f, 0<g, f+o<1)S 4, oj^^ n ^ 

»«| ass|x| at^lEl-, GaN2^ sfS SSSSo| »a SShS ^£*l|#o| <&o\x\7\ ^n, 3E*h p S^Sfif 

^& 2SJ S^o| <»oix\7\ am. 

S9, * asS o|| 2iol S! nS^a, ^*| «S=|x| ?*^, SeJI oil -K- §S ^A|oi|o|| 7|xH=j S^o| ^ Si 

o|oK ^ US oil ^ofe aj A |o^|ch| ce§n tfgshxie*. * ttSol o|oh°| Aj A |oi|cH| 5!^ oH^. 

aja|oii iaja|oii is, £ioii 7hia| S $ u-soii □tt-WAisjEj 1011 aeaoicf. 

aja|01| 1§, A|.ii|.o|Oi(ca)MO|^-Oi5! ?ie(1)# MOVPE2I &J-gS7|uHCH| ^SS!!ni, 4=^» *=7|| o|-01 , 7|es| a£» 1050°C 
77|-7C| A^A|7^ 7|=h°| HB-iyS H & ^ 0|oh°| Z]-gg S^SJcf. ?l ©(1)011 A|-H|-0|CH 2|0||, RS, ASS A^O| 

Ol, Zl 2|0)| ^E|l(MgAI 

2 0 4 ) ^a ^21ah 7 |5 o| 2|o)|, SiC(6H, 4H, 3CS £f), Si, ZnO, GaAs, GaN#2| ^ Xi^K 

1 u\W$(2))zl$., -EE* 510 °C77|-x| ?h&|ch 7|-^^Ai ss.7|-^^Ai g-aL-|o|-2j-TMG(Ma|n||H7|-a|#)S A|.go|- 

01, 715(1 )ak»| QaN£^ o|^-o)5! tdini#(202)# ^ 2 00 at ^|s £*j-a|^. At 7 | ^^o\\a-\ ^a|#(2) 

a 7 |BS| s*. ^SSffflgoi n}&H ^Bf & - 01 cK 

(aH|2 u-|j*f#(3))u-|j*f#(2) ahxi. * : TMGEi'S H^, 1050°C7;W a^a|^cK 

1050°Co)|aH, as7|-^:S.AH TMG, o|-7|-^* A|-go|-a| g-s. uj-Aio^ oj E?! QaN°^ o|^.o)3 ^2 Hn|S(3)# \w s l ^¥ 

^l^ ^&a|^cK x|| 2 Hi2)#a o| e-l ah&a|^i sin t^n|S(2)ac|-E ni5, o||s 900°C l))a| noo°Co)|Ai ^g-Ai^^i, |n 

x AI Y Ga 1 _ x _ Y N(0<X, 0<Y, X+Y<1)S ^ e ^ o Jnl] ^ *|-§s|x| p>x|oj- ; n|%5|s|-?||-b GaN, XSto| O.20|o|-o| A , 

x G ai _ x N^S o|S a§«ao| s{s Ht£SlS0| ^0)x|7| t|ct. SE°h ^^|^ m«| °>ni, fc^S|S Mc|E ^77|S a| 

°s ah§-a|^^ sj^mi, #a> 0.1 A mo|Aho| o^is aaxifl 4= am. 

(n= sajM#(4))zi ^, 1050t!0||AH, §)S7|-^SA| TMG, ?J-a.M o|7|-^, M^^h^SA) A|ah( si | a ne)7|-^S A^gs|-oi gJ-S 

Si* 3 x 10 19 /cm 3 £S°h GaN°S o|^.CH5! n^ 3 m s\ Ajg-A|^cK &7\ n# 5^#(4)£ x)|2 t^ff| 

S(3)2r ^a M^, In 



x AI Y Ga-,_ x _ Y N(0<X, 0<Y, X+Y<1)^ ^& =4 91^., ZL ^°l e>x|°i, a[^^[7\\^ GaN, Xg^o| 0.20|S|-2.| Al 

xGa^xNos SS«2o| sjs sj Sh# Bf£*ll#o| <*o|x|7| gcK Bf^l-b ^°l &3£|a1 Sf*leh n£i^S S^^fe #o| SJ7| 
mi Soil 1 Am o|^o| b^»||s 43SA|?|t 3do| flascf. 5E&nS fe£4=r as r # BhSNia] 3§^f QtSW9\x\ Sfe 

feE, 1X10 

18 /cm 3 o|4h, 5 x 10 21 /cm 3 o|^°| ^o| 2&gc[. 

(7HI3 uHS)#(5))^|-go)| A|g+7|-^Bl-# S*:a, 1050°CO|H g-s giEH^ o{£=! GaN°5 o|^-Ol5J x||3 a-|2|#(5)S 100 §^^M2-| 
at Jp*||s «aA|a^. #7 1 7H|3 HjB|S(5)E In 

x AI Y Ga 1 _ x _ Y N(0<X, 0<Y, X+Y<1)^ 4= Sim, zl °F§s|x| dt^\2i, H|%*|SWI-b GaN, X&o| 0.20|3|-2J Al 

xGa^xN, BEtFY&ol 0.1 o|s|-s| in 

yGa^yNHS ShS a§sao| *m as|-S &J-£*ll§o| <golx|7| &\ <2}£S GaNSS ^S-a|7|-^ e] SB, mfeES. #^ 

SS ES&n^Sa|HS(4)4Joi| 5|S £S-A|?lfc Ita| , o|-bI|s| SS^o| *J4ts|7| nH^o)| c^cHI ashS 

&i-e*ii* ^s-A|?p| tmi s^. o|2f a-oi, ■ytg asi-s y-£*ii§°s oi^-chs x-112 ^ei #(3)^011, m^is ns *^## 

tUSH Ht£S|SO|^0|a n= 5B|H 3(4). cFSOII SShS &l£*l(n = ^g^gi S»)SO|^Oia *1|3 uiH|S(5)* *!S 

e 3# ?5S SfrH, LED rfcXKHI & Vf7h *|*hsp| 41* S»o| «cf. £E» n* ^#^#( 6 )« gEgsfc- §^M=r *1|3 u^#(5) 

(n* ^#°^#(6))^S, SEf 800°CS °HH, TMG, TMI, ShsqohS Ahg^oi , m 0 03 Ga 0 97 N2£ o|^-oi3 *||1 y 

£*l|atS 25 S^Mg ^Sa|?|ji, zl ^ S£» -fej-^A|7|:n, zl ^-l CHI GaN£^ o|^cH£! J\\2 as|-# 25 g^^S £&a| 

^cK zl£| m £p| £SJ .g x|| 1 + *l|2 2] ^AH^. judH^ io#-S4| »S*h ^-^SOl^-OjS ng ^#atS 500 

2| at ^|s ^&A|^cK 

(#£!g(7))c|-g, <>1£9 GaN£^ o|^-Oj5! S«§f 200 §^eso| aj-^IS £S-A|?|:n, Zl ^ S£» 800°C^ TMG, TMI, 

°^u|ohS Ahgshoj m o 4Gao gN o^ 0 |^-o)5J ^^#S 30 g^M#°| avails Ajw A |^cK zl£|01 + ^# + + 

*# + S^s| ^ahs &w§f 5#, ^##S 4# mcH^ s)Ss|-3i, # ^ ^IS 1120 §^M#°| °tx|- » 

^#(7)S ^&A|^CK ^Aj*( 7 )° g-W#«B| ^#3hX|o| 5j#^AH^ ^##^E^ 5|§5|J! *##0||Ai ^L-[^_ #01, i*h 

BISSpl &W#0||AH gLf £ ^Jl, ^Wf^ SHgShJl ^##0||Ai IL|E #Z1 S#^A|^ ^| 5| X| St=f. ^##&l 

^Tfllfe 100 §^M§ 0|Sh, HHfS|*W|fe 70 §^M§ 0|SK fief u|-^opi|^ 50 o|shs 100 a 

Eh£ ^7^3 $a 0 | gtA^pi 0)3iS a&0| SB, &^#2| ^ll-fe 300 0|Sh, Hh#5|oh7||^ 250 §^M§ 0|SK 

7hg HHiS|*h7||fe 200 §r^^# 0|S|-S 

(pi c+saj-S(8))c+&. TMG, TMA, ^Mo|-, Cp2Mg(A|#s=!!E|-c|o||y nhziMId)* a^^&I , Mgl 5 xl0 19 /cm 3 pS 
Al 0 05 Ga 0 95 N£S Ol^-OiS 7CHI3 *I2.[W s|S 25 §^M#°| ^ ^7^|S ^S-a^iji, zl ^ Cp2Mg, TMA* §x|3|-Jl 

GaN£^ 3 ^il 4 Hl-ESflHta 25 S^^#2| aj- ^&A|^cK ZL&I21 a> 7 | ^ s Bf^Shjl, X1I3 + ^14 ^AH^ jncll^ 4 

S^l 5jSS i^X^ =J p = cLgo^ s(8)# 200 §^E#°| ^|| s ^&A|^cK 

(p^ ^^|M#(9))zl 3= , 1050°CO)|AH, TMG, ^a.u|oK Cp2MgS A|-gS|-ol , MgS 1 xl0 20 /cm 3 £3S pS GaN£S S pg 
#(208)S 700 S^MS°| at ^|iiL ^&a|^cK p = ^ej^#(208)£ In 

x AI Y Ga 1 _ x _ Y N(0<X, 0<Y, X+Y<1)^ 4= 9i^-, zl ^°| *h§i£|A| &x|oh, H|-lts|S|-7||-b GaN£^ S|-ffl aSS3o| » 

* S£h* B>ES|«o| <^olx|7| ^2, SEepS^^HSStuW5|&fia| ^^0| ^OiX|7| tlEK 

SfS #S ^, a*^x| SE*h S^; ^7|3ho)|, ^|o| jq (wafer)* ehSS^I l-HoIIaH, 700°CO||aH o|-y H(annealing)# U 

p§§§ cm AishSr orA| &7)| SS^K 

ohy S^, ?||o|2|S e>#S7|o||/H ^iTiShji, s|Ahgo| p * sejEgo) sa0 || o^at S^shji, RiE(e>#^ o|s o)| 

S)S-*|o|| p# ^ejS#*o||Ai oiiss a^oi e #e n* ^sj^#(4)2| SSf tSA^cf. 

olIS^, s|^#CH| p^ 5^M#°| cH^t SSoll a| 200 S^MM^I Ni^h Au* pS^(10)^h, ^7| pS^ 

(10)^0)1 atS Au^ a p "H^(pad)S=Hl1)S 0.5^m s| at =»||s S^SJEr. 

&B,o)|§cH| °|*H iz»A|a n^aE«E*(4)oj aao||-&WSfAI*9W«fe nS^(1 2)* ^^ohoi LED^a|-^ *Jcl. 

4^7 1 LEDdtAh^ ^gJ-SS^f 20mACH|A-|, 520nm£| ^ISt^f M-e|-l(|31, Vfe ErA| 3.2VO|n=|, #E(| c|-# °fxf- ^*^-^°| LED^ 
x|-a|- b|jii3|-0i Vf-^ 7H°| 0.8V y-m ftsi* 2uH 0|^ %t^c[. a[B[M , 10mAO||AH #Ejj°| LED:£X|-S>h 7^| =#*h f^f LED 
7^CH^cK 

^A|oi|o)| SiCHAi, n = E|-#at## 7H|2 as|-S GaN£S ^S!!a|oJ-, c.[s. |n x AI Y Ga 1 _ x _ Y N(0<X, 0<Y, 

X+Y<1), u|-#^ot71|-^ In £EAH 0 | *||1 as|-# &>E*IIMD|-E ^t* lnGaN°^ ^& # 5E&, p^ c|-#at## ?-A4 S |. t XH | 4 » 

Sl-S ej-£*l|sm GaN£^ ^P-^SIiAlPi, | n 



x AI Y Ga 1 _ x _ Y N(0<X, 0<Y, X+Y<1), ti|-^l opi|-^ *i| 3 ilShS Al EE^o\ ^ AIGaN^^ ^ 5i^K 

^e-H LED^x^l ^ah^ GaN^^ S *l| 1 ^l^S GaN^^ S H2 H^S, Si^S GaN^^ S nS ^^§, 

oil UBf ch§ °fxh S Ei-S Mg ^9 Al 0 9 N#, Mg £9 GaN^ o|^Oi£l ^I§§ ^Md^ 

5|S»3do|c|-. 

^A|oi| 2^A[01| 2-^, E2ap E ^ LED^A>CH| 2±0|cK aj. 7 | Aj A |oi|o| LED^h^, ^o\\ <&0\a-\ *f|3 tf|jE|S(5)« £5hM*| 

*l S-Hl SE& p^ ^§^i§(8)# fE^XR 2 -^^ 3|-x| o> 21j Mg - 5x10 

19 /cm 3 ^9A|^i p ^ ai 0 ^Ga 0 9 N#^^ S pS #eJ| g ( C lad)S(1 08)# 200 gr^S^I at £!&a|7|-^ ^ s>|oH, ^x|oi| 1^ 

&^ tUU^- LED^Ah# *j| ^iH : ^ 20mACH[Ai Vf 3.3V^ u[el[l\\jl^ #^ ^ 1 .8^ O|^o^ ftx^^ 

^A|oi| 3^A|oi| 1 CH[ A-| , n ^ ^S^ h #(6)# £S"& 3^, *l|2 ^°h# Si* 1 xl0 18 /cm 3 GaN^ 51 i^, p 

S ^zjxH^s 3|-x| Mgi 5 X10 

19 /cm 3 pS Al 0 A Ga 0 9 N§^ 0|^CH^ pS #B[]g#(l08)# 200 g^MS^^ m ^ gf« tUU^. ^hoj LED XH| 

xh^oi , ^A|oi| 22\ 7\9\ S#o|- 1|ah # LED^x«- eS6l^. 

^A|oi| 4^a[01| icH[Ai , n ^ ^S^ h S(6)# ^|1 gs|-S aj-^^ll^, Si* 1 xl0 18 /cm 3 £g& ln 0 03 Ga 0 97 ^^ M^, 

*l|2 i|S|-S Hj-^l^, Si* 5 xl0 18 /cm 3 £9& GaN^^ SH^h pS ^S^ h S# ^xR 3 -^^ 3|-x| g^, Mg* 5X10 

19 /cm 3 Eg°[ pS Al 0 -,Ga 0 9 N§^^ o| = CH^| p^ #Ef) g§(l 08)^^. Se||3, LED 4:X|-# *l|^|-oi, 20mACH|xi Vf 

3.4V, S^af u|'ni3|-aj 1 .5 y H o|ai-o^ ^oh^cK 

^x|oi| 5^A[01| 1CH[AH s *{|3 tH2|S(5)« ^S-A|^|x| p> JIj p ^ d|-S°J-S(8)« £ §-3|~^ 3^, 7H| 4 Mg* 1 

Xl0 19 /cm 3 pS GaNS# ^&a[^ ^ ^e[|^ oj- LED , ^x|oi| ^9\ >\9] m^W ^ LED^x|-7|- 

^A|0i| 6^A|0i| 10HA), Xj| 3 t*fff|S(5)*«aA|^|X| ?>J1. 5Eoh P ^ C|-#^#(8)# AH & 3|~^ £9 AI 0.05 Ga 0.95 N -^ 9 Xi| 3 

mnm y-^i^-M 25 GaN^^ s ^4 y-^xii 25 §^^§^ ^Soi-oi # °t ^ 

n 100 g^E^o^ 3 W ^Efj^ LED^Xh* AHI^^Oi, ^A|oi| 42} ^ LED^X^F ^OjS^K 

^x|oi| 7^a[o1| 1 CHI AH , n ^ c|-S^-S(6)# Ajxi-A|^l ln 0 03 Ga 0 97 N^^ ^! 50 §^^* ^&a| 

7|2I, c^cH[ ^l^g GaN^^ ^|2 ^ix-ll 25 ^& A |^cK zl ^. <>j^g In 

o 03 Ga o 97 N *^ 45 ^a A l^l^, ^ ^ GaNS# 25§^^S ^S-A^IHI, c|-^cH| ln 0 03 Ga 0 97 NS# 40 § 

^s-a|^dk oi&h *in mnm vi^xw^m 5 §^^*^i g^i n^-, 5 §^^*7;hx| ^^a^^, ^in #^ ^12 s^* m 

cH^ 10#^! ^#a|^i ^^x|- ^! n ^ ^S^# 525 §^*°| ^ ^&a|^cK 

oj-^, 4!A|01| 1^ ^^3pi|, P ^ c(-S°i-S(8)M ^^a|^| M g* 5 Xl0 19 /cm 3 ^9 & p^ Al 0 05 Ga 0 95 N#^ ol^CH^I ^|3 

mnm 40 ^ ^i^. ^sa^iji, c^chi GaN^^ s xh|4 mnm ^'m 25 ^ ^^i 

^ Ajg-Al^lni, c^cH[ Mg* ^ ^g^i- pS Al 0 05 Ga 0 95 NS# 35 ^cH| <>J^g GaN# 25 ^&a|^cK o|S>h 

^ XH|3 y-^|^eh# 5 SJ=7i| 3^, 20 §^ § 7;hx[ xj &A |7|ni, AH|3#^ fl|4Sj2f» mcH^ 5§^' ^#A|^I 

S p^ cfSSf* 275 §^e # o| ^g-AiacK 

ZL£[ ^A|0i| 1^ ^ ^E[|o| LED^Xh* ^^CH| ^A|0i| 1 S| ^o| ^ ^Ah7h <^CH^CK ^A|0i|CH[A^ n 

^ c|-#m-(6)M ^P-^oh-^ AH| 1 ^sh^ y-i^l^-aheil °| SSohni 5ix[el, ^i|2 *}±M\^<±\ ^ ^l* H3°K*l£ 

^A|oi| 8^A|oi| 1 CHI ah , n ^ c|-#°t#(6)# £&*m 3°, ln o.03 Ga o.97 N --^ a =^ 25 S^^m ^&a| 

7|2I, c^cHI ^1^9 GaN^^ a XH|2 25 §^^* ^S"A|^c|-. zl ^, ci ^-^ | n a| M^l* ^ lnGaN## 

25 ^&a|7| ji, zl ^ ^i^S GaNS# 25§^^S ^^a|^c^. o|^ ^ ah| 1 ^s|-# In zt^m MM^\ 

n ^&a|7|21, 7H|1 XH|2 §^*- JUCH^ lOS^ 1 ^#A|7i, s|#^o^_ xH| 1 #o| in 

0 _ 3 Ga 0 _ 7 N^^ £|£^ o|-oi , # °| ^^| 500 §^^*°| n^ 

^A|01| 1^ §Sopi|, p^ ^#^#(8)# ^&a|^[ M g* 5 xl0 19 /cm 3 p^ Al 0 05 Ga 0 95 N#^^ S AH| 3 3^ 

bj-ix-|| 25 §^^^o| ^??\\^ ^^A|7|ZL, c^cH[ ei^g GaN^^ S ^|4 25 §^^*2.| ^ ^l^ 

a|7|2I, c^cH[ Mg* ^S^l-ni, AI2-I ^^h|* ^7i\ pt! AIGaN## 25 §^^*, c:^cH| ^i^g GaN# 25 

^&A|^CK 0 |&h XH|3 y-i^H^-ol Al Aj Aj o| SP1| 3|-0i ^^A|7|JX, ^|3#^ fl| 4#j2f» JUCH^ 4#^ [ ^#A|7i, 

s|#^^^ XH|3 §0| Al 

0i2 6a 0iB N£S noi, m ^ 500 §^*°| pS cfS^s ^SA|acf. 

zi s| ^ A |oi| i3f ^ Se«o| LED^xh* ^^CH| ^A|oi| 1 2| jjaf 7H°| S#oh ^ ^x^7h SOfa^. * ^ A l01|cH|AH, n 

^ ^#^(6)* ahi 1 mnm ^^i^°ho| 3 ^ saohzi sixjei, ^12 3^ ^n-^, 4^j nm- 



*2| m^tm ^ ohni, £P| 3^ S=^Sl| o|-o^ ^e[|o| S ^7h <*oi&c|-. p ^ c|-#°i-(8)# ^31--^ 7H|3 

Hs|-^ y-^^ll °|°h°| 3^ ^!^°| ^^H- SSohni 5ix[°h *i|4 H^|-^ 3£! sl-U-i-, 4^! ^h&*2L| H^h^ S °[JL, 

3^ SSohOl^ ^^oj- ^E[|o| ^^ 7 p ^CH^cK 

^A|oi| 9p^ ^-#^t#(8)M c|-#°i-#o^ 3 W pj-^i Mg# 5 xl0 19 /cm 3 ^S^j- p^ Al 0 9 N§^^ S p^ #£H9#(108)# 

200 §^e_^o| m- j= ;7] |^ gg-A|£l ^ 0|S>|CH|, ^A|01| 7JL[ §a& §EK^ £h LED^^h# aH|^>o J21j aj A |01| 2^ 

^ LED ^7h^OiS^h. 

^A|oi| i0p^ ^§^l§(8)# cl-S^-S^i^ ohx| Mg* 5 xl0 19 /cm 3 p^ Al 0 9 N#^^ S p^ #B-H9§(108)# 

200 °| £S-A|£I 0|Si|CH[ , ^A|0i| 8^ ^^oj- oJe|^ £|- LED^^h# H^iSl^-, AJA|oi| 29} 7^| §§^ 

3Jfe LED ^7|- ^Oi^cK 

^A|oi| 11^A|oi| 8cH[a|, n ^ ^S^# ^ofe *i| 1 &E.%\2\ ln^« UM°i\ 8^ ^S^l^ni, p# ^ofe 

*I|3 i!S» ^J-ix-fl o| A | zt^m £KH^ Sl^h 3^ 7H|1 gs« y-i*H^2J | n # #^#CH| SB #011 ^ *]7il oloi, *i|3 llShS 
^}9\ AIZ&^# #A!#CHH SQlSo1 | LL ^[ 7H^| 3d 0\2\o\\ §<|J tjEf)^ & LED^Ah# *H*HS^, AjA|oi| 8^ 7^| 

SJfe LED ^^7h ^Oiacf. 

^A|oi| l2^A|oi| icH[Ai 5 n ^ ^#^t§(6)# oj^g |n Q 2 Ga 0 8 N^^ S *il 1 ash* ^-^l 25 £&a| 

C^CH[ <>j^g |n Q Q5 Ga 0 95 N^^ & *l|2 llShS 25§^ii ^ s>[cH[ 5 AjA|oi| 1^ ^ S^H^ & LED4: 

Ai^?a ji, ^a|oh i'h 7^1 §§0^ m^m stt ^^71- eoia^. 

^A|oi| l3^A|oi| 1 oil AH s p^ ^#^S(8)# Aj§-A|^l Mg Al 0 05 Ga 0 95 N^^ ^! ^|1 °tS 25 

a|7|2I, c^cH| ^l^g in 0 -,Ga 0 9 N^^ S ^i|2 3^ 25 §r^^# ^ a|oj| s ^A[oi| 1^ §^ S^H-^ & LED^ 

^A|0i| 13f ^sTsg&^j* ^ ^7h^Oia^. 

^A|oi| 14^a|oi| 1 CH[ AH a n ^ ^S^ h S(6)# S °, ^1^9 ln o.03 Ga o.97 N — s s =^ y-i^W* 200 ^3 

a|7|ji, c^cHI GaN^^ S *1| 2 U^>tW 25 g^^-i- Ajg-A|^i ^ £|o][ 5 ^ ^a|01| ^o\\ %lo\M ah| 1 atff y-^^ll 

□i-o| 200 g^E^o^ ^ olaloil, AJA|01| 1^ §^ ^e[|^ oh LED^AT# MM oil 1^ 

^A|oi| 15^a|01| 1 CHI AH a p ^ c(-#m-S(8)# Ajg-Al^l Mg Al 0 05 Ga 0 95 N^^ S °J-o| m- 2 00 § 

& ^1 0|£|CH|, ^A|01| 1^ ^iJ ^E[|^ 3h LED^Ah# xii^jn, ^A[01| 1^ 7H°| ^ ^A^7h ^oiS^h. 

^A|oi| 16-& y-goll ^oj- ^A|oi| 16^1 y-ix-ll ^xh-^ ^ 3^ ^ p^ S^(80)j2f ^(70)^1 a^o|cH[ #^S(56)# ^> 

^ B||0|X1 c|-o|^o|cK 

^ ^A|01| 1 6°l 5H|0|^H ^o|o^-^ 80 ^l^l GaN7|S-(50)^l 011,(1) 3 /^m ^l^l Si GaN^^ o|^-CH^J GaN§(52),(2) 
0.1 m In 

0J Ga 0 9 NS(53),(3) In^a^^/nS GaN^^ o|^CH^J #bH g#(54) ,(4) Si7h £§S 0.1 A m ^^|o| n ^ GaN ^ 

7ho|=(beam guide)S(55), 

(5) ln 0 4 Ga 0 6 N/ln 0 02 Ga 0 98 N ^ ^ ^^^^o| ^^6)M Mg7h £9^ 200 ANGSTROM ^^l^l Al 0 2 Ga 0 8 N#(57) ,(7) 
Mg7h^S-^'o.1 ^m^lsj pld GaN #7|-o|^(beam guide)#(58), 

(8) AlyGa^yN/pS GaN^^ o| = a|^| ^^°\ p ^ #&H SS(59) ,(9) Mg7h ^g^l 0.05 m pS GaN ^^j^S(60), 

0|oho| Aj&A|7i Xil^o^cK 

#BHg#(54)^, 25 ANGSTROM Si^h ESS GaN ^ 25 ANGSTROM el^S In^a^xN^ol , 

240S mcH^ ^#s|oi S*||7h u^i-tHcK oi7|AH, n ^ #e.f) gg( 54 )oj| 5i cH Aj 5 <>j^g | n 

xGa^N^m *^#oj| eS&'-cHI ccl-B-h | n a| ^o| P^7H| 0.01 e[)a| o.3^I ^^l^ S^a|^ n ^ 9#(54)^| ^ 

y^A|7|ni $jcK 

BEoi-, #^#(56)^, ^1^1 20 ANGSTROM ^JL Si7|- ^S^| 4#ln 0 15 Ga 0 85 N °^-#o| , 50 ANGSTROM ^JL Si^h £ 

S^! ln 0 . 0 2 Ga o.98 N S-^S^I- ^ D H^ ^^|s|oi S^a^h. 

BEth, p^ #B.Hg#(59)^, 25 ANGSTROM ^|» Mg7hi9^l GaN 25 ANGSTROM ^^1 ^1^9 Al y Ga-,_ y N^ 

o|, z| 120S JH^H-^. ^ H #i|cH S^i|7h ptl L_|-E|-tHcK oi7|AH, p ^ #bH 9#(59)cH| 5i oj a-| 5 ai 

yGa^yN^ #^#CH| e^&cH| cc|-a^ Al^l ^o| *p1| 0.01 e[]a| 0.2°| S^|^ ^ s|-a| ^ p ^ #aHaS(59)^l ^ 

^# S^A|7|ni 5icK 

^A|oi| 16^ (1) L H a | (9)°| Sahai^j ^ 5 cHisoji o|^n ^ 3 ArTlj 450^1 ^A|( r idge) S^^-^ o|-ni, p^ 

M#(60)^oj| Ni/Au^ ol^CH^I p^ g^(61)# gAjol-ni, ^a[o| ^j. njcHI GaN#cH| Ti/AS o| = Qj^| n ^ 



AjA|oi| 16°l ^\0\xi c[o\2_±o\\ 5iCHAi, ^[x|o| ot « Ti0 2 /Si0 2 # 2^ S^oi °t ago| u_hA^|^# 50%^ Si^K 
o|sj-ao| 7H|^j-g ^x|oi| 16^1 y-^x-ll aHlol^H c|-o|£ = o|| $icHAi, oj^l ^souah oi^y-^o| ^oi^cK 

o|a^#oi, c^sai-s(^xhs)#»ssoi|/H ^Bi^oi §^A|^^^.^A|oii 16^^ aaa aapi- eoiaci-. 

^MA|oi| 17^A|oi| 17^5E42fao| *ja| §Ef| 20i[ a&3dO|c|-. 

^ ^aioii-^, a^k|-o|cH(cS)^ ol^cH^J 7|£K1)« MOVPE^I y-gS7|LHoi| ^IH^Kn, zl^I o^, 7|£h 1050°C7;^| 

(Hm#(l02))ZI ^, 510 °C7;hA| LHBIJI, 7HB|CH 7^^ ^SMO^TMG(Ha|D||ej7|-a|g)g- xi-ssi- 

0i 5 7|^(i)a^| QaN^^ o|^-CH^I ujE|§(102)« ^ 150 °| £3-a|^c|-. 

(^^9 GaN#(103))u^#(102) ^, TMGEJ* 1050 C7;^| ^a[^c|-. l050°CCH|Ai, gs.7|-^.SAH TMG, ^ 

a.u|oh7|-^# A|-g3|-Oi ^ GaNS(103)# 1 .5/m s>| °h^| ^ ah S a|^cK 

(n^ ^^E g (4) )a ^ 1050°C^[A^ ^J^7^^Ai TMG, 0|-7h^ , #^#7^^A] a| s L h( s i| ane )7|-^# a^K>1 S"H 

Si# 4.5 x 10 

18 /cm 3 £9& GaN^^ o|^Oj^ n ^ &i*|HS(4)« 2.25 /an si &&M^[. 

(n^ *1|1 ^#^#(105))^CH| A|s L h7^°l# S^HI, 1050°COj[Aj TMG, ^S.l-|o|-# , ^1^9 GaN## 75 g^^^o| oh 

^&A|7| Jl, ZL ^ ^iJ ^^Oj[Ai A[ST^^» ^°KH Si* 4.5 X 10 

18 /cm 3 £9^ GaN## 25 ^ ^S^I^K o|£| ^o| o|-a| , 75 g^^-gal GaN^^ o|^oi^| AS^K Si 

£9 GaN§# 3it 25 g^^so] B#Z^ o| =CH^| ^§-A|^c|-. zlE|ZI 25# ^jS^JI 2500 °K>1 ^z] 

Ah ^ze°i ^s^o_^ oi^oi^i n^^^ ^s^-soos)* 

(n^ *i|2 ^#^ h S(106))^, ^icH|Ai ; GaN^^ o|^CH£l AH| 2 HShS *J-^a-|| °|(1 06)# 40 ^^a|7| JI, zl 

^ 800 o|oi TMG, TMI, £j\5.L-| o|-# M^°W , ^9 ln o.i 3 Ga o.87 N — ^ °l^ a i^ 1 H^l* t^^l ^ h (1 06)# 20 

M# Ajg-A|^c|-. ZLB|ZI ^7 1 AM|2 + ^^Sl\ ^A^ HLDfj^ 1 0§^' ^S^Hl, GaN^^ 0|^CH^| AMI 2 

^^ll^ h (106)M 40 ^^^m ^& A I& ^ Ah ^p-^o| c|-#°i-o^ o|^-CH^I Ai| 2 ^#^ h #(106)# 640 S^^#°| °| ^|^ ^ 

(#^S(7))^, el^S GaN^^ o|^-CH^I ^Sf 200 ^^l^ ^& A I^I^-, ^ ^ 800 °[JL, TMG, TMI, 
S-a.u|oh# A|-gohoi in 0 4 Ga 0 6 N^^ o|^-CH^I 30g^M#°| ^^|^ o S" A IS c -h. ^^I^ + + + 
+ S-^^l ^a^ 5§, 4# mcH^ ^j#o|-ni J # °| ^| m 1120 °fxh ^^^^^^| » 

(p^ #Eflg#(l08))^|-^, 1050°CCH|Ai TMG, TMA, ^Mof, Cp2Mg(A| B.[c\ o\\ y d|-zlM|^)# A[§f[oi , MgS 1 

xl0 20 /cm 3 ^9 & pH Al 0 2 Ga 0 8 N^^ o|^-CH^I AH|3 ^^l^ h (108a)# 40 g^^#°| °| ^^l^ ^&a|7| JI, zl ^ 

S 800 o|-XL TMG, TMI,' ^S.MoK Cp2Mg# A[-go|-0i Mg# 1 xl0 20 /cm 3 ^ ln 0 03 Ga 0 97 N^^ o|^-CH^| AH| 4 
^x-j|^(108b)# 25 S^^#o| °| ^|^ Ajx(-A|^Dh. ZLE-IX1 ^7 1 al-^ol-Zi, AH|3 + AM| 4 ^A^ JUCH^. 5#^' ^iS^I-Zl, 

^ Ail 3 ^^11^(1 08a)# 40 S^^^o| Ajg-Al^i ^^xh^^°| c|-#^o^ o|^Oi^l #aHg#(l08) 

M 365 §^^#°| °| ^|^ Aj^A|^ch. 

GaN ^^j^#(9))ZL ^ 1050 o CCH|A-j 5 TMG, Cp2Mg# Ah§3|-oi , Mg# 1 xl0 20 /cm 3 £9°h pM GaN^^ o| = 0H^I 

P ^ ^^jMS(9)# 700 ^E^o| -;^|^ Aj &A |^DK 

^^7;hA| ^^xi, E9 &fl7|^o||A^ ^-|o|Ei(wafer)# u i§§7| L H o\\ M 700°CCH|Ai o|-y §( a nnealing)# 

o\\m^, M^B0\\ p^ ^bh e-o| c H Bt^njcH| ^| 200 Ni^h AuS pS^O 1 ^7| p^^ 

(11)^cH[ Au^ol^oi^J p nH^(pad)S^(11)# 0.5 A m a| ^ h S^M^h. 

°i-^,cH|gcH[ °|^H i#A|^ n ^^BHE-( 4 )o| s goj|^ W sf A l# tj-^h^ n^l^(12)# LED^Ah^ ^c[_ 

£P| LED4:^hc- *a»agf 20mAOl|Ai ] 520nm^l xSStfSf l-I-^lHZI, Vfe 3.5VO|^ , ^sfl ^- «^^2| LED^Ah^ 

u|JH3|-oi Vf-^ 1 .0V 7 Wo | ^ZL, 2 y H o|ai- ftAi-^cK ccl-al-A^ 1 0m ACH[ A-j ^Efl°| LED^h^l- 7f2| ^ LED7|- 

^2fl LED^Ah°| z P-ah^ ) GaN^^ o|^-OH^I 7H| 1 ^iflS^ojl, GaN^^ o|^-CH^I 7H|2 u^f, Si^S GaN^^ o|^-CH^I 

^^S, ^A|oi| 12^1- c|.- o txh °^^^^o|^-CHa| #Ajg Mg ^9 Al 0 9 N#, Mg ^9 GaN^^ 0|^0i^ 



-ma| oil 18£A|0| 17CHIAH, &-a#(7)# o|«tst ^o| Basfe 3d 2|o|| §°Jff n LED ^SIM. 

(*!-£! *( 7 ))c|.go||, £a§ GaN£^ ol^om 250 g^^M^I s| ^l|a &3-A|?|;n, zl Sa* 800 °ca °t&|, TMG, 

TMI, Stau|otS M^noi m 0 3 Ga 0 7 Naa o\^-o\*\ 30 at ^&a|^cK St^ + ° ^ + 

St^ + ^# + S-^ai ^Ais 7#, 6S JUch^ sigshji, # at 1930 §^ag°| ^5 Y#aa 

#^g(7)# ^§-A|^ch. 

^OIS LED^xh^, ^gtttS-ff 20mA<X|A] 470nm2| ^S^ttS* M-EK-Ha, aja|oi| I73f «e||S Sta& 2*1-7 1- £ Of S^h 

^a|01| 19-^a|01| 1 7CHI AH , #^#(7)S 0|3h£h ao| syS°H=3i sjoll «e||s fiLED aflSKdlcf. 

(#AH* (7 ))c|.gcH|, eiag GaN°^ ol^cH^! 3^## 250 S^Mg2| a| <=7»|^ ^§-A|?|ni, zl ^ ^a* 800 °ca ^ , TMG, 
TMI, StaqotS AhgSKH <>iag ln 0 3 Ga 0 7 N°^ 3 30 #aa#°| at ^9*18^. ^la 3« + Y# + + 

^# + 3-^21 ^a^ 6#, 5# acH^ # at ^|* 1650 §^ga| °txt ^#^a=! # 

£!#(7)S ^S-A|^ct. 

^CHS LED^xtt, ^gf»S# 20mAO||/H 470nm2| ^S^t>## M-EMm, aja|01| 173f «e||s St a* I- H^ajoj^ch 

aja|oi| 20-MA|oi| 17011 AH, ftg£(7)« o|3t£t ao| S§ot^ ^ 2|01| SSi£t S E« 3. LED ^At* XHI^SJCt. 

(#Ai*(7))ctscH|, <2iag GaN£S S 250 §aaS2| at ^3. ^S-A|?|a, ZL ^ &a* 800 'CS TMG, TMI, St 

a Mot* Atgstoi in 0 35 Ga 0 65 N2^ S ^#S# 30 §^a5°| °t ^a &&a|^c|-. zia|a g-w + ^# + g-« + ^ 

* + Stajfi] &w§§ 7§, 6S acHa ^#°ta, # at 1930 §aa#s| ^ffi^g »^ 

S(7)# ^WA|^Ct. 

ajcH£! LED 4:At-^, £gtgt*!-# 20mAcH|AH 500nm2| it#S M-Eh-Ha, a;a|oi| 17^ =-SJ*i- « E ||a Statt <&o\&c±. 

-ma|oi| 21-MA|oi| 17CH|AH, #Ajg( 7 ) # ol^tat 90I Basfe 5! sjo|| gEfls *t LED aA«- *f|*t$l!ch 

dt^#(7))ctgoi| , °iag GaNaa 3 5t«#S 250 §aa#°| at £&a\9\jl, zl ^ S£I 800 ^oi , TMG, TMI, St 

au|ot* Atg^oi oi ES m o 35Gao 65 Na^ a 30 #^^#21 at SS^iact. ziE|a + + + ^ 

# + Stqs| 4#, 3# acH^ »#^a, # at 1090 S^MMal c+S ^^^^^S «^ 

#(7)S ^ltA|^ct. 

9^CH5! LED^a^, ^itSS-W- 20mAOl|AH 500nm2| S^ah &t## L.|E|Lp, -^a|oi| 1 7^ *t g e« S StSLtt a^7t ^Oia^t. 

^A|oi| 22HJA|01| 170H|AH, n = 2fc!»H c|*et*(6)» ^S"A|?|x| gfe 5! o|s|o|| #^tt Se||^ *h LED4:A|-* xHl^tSJct. 

^OHS LED rfcAl-^, HMA|oj| 17^ u|JIl3toi ^xt^ gi ^ft^o| THShsm, §a|| LED ^[S\ uliastS StS*t ^#«^« §t 
a 5Ucf. 

-^A|01| 23-^A|01| 17CHIAH, p= ctg^h # E||gi( 8 )g 0 |3t2t ^o| 0 |s|o|| as fiLED 4:^»fl|st«lcf. 

(p^ Et^at ^angg( 18 ))^ E 1050°CCH|AH TMG, TMA, S h au|ot, Cp2Mg(A|#SS!Etc|ol|y c^zmi^g Atsstoi , Mg* 1 
xl0 20 /cm 3 ag*t Al 0 16 Ga 0 84 Naa 3 Ei^a,h ga||gi S 300 §^e§2| at ^7^|^ ^SA|^ct. 

-^CHS! LED # angg# s^AKa §tx| °>ji El-^#a S noi ^§-a| ? |x|bi-, zl o|s|s| # =MS:afs] £E#ch| sjsfl, HJa|oii 1a 

cf a^ ^^o| ut-ut 7H2| statt 3^7t ^oh^cK EiSJsaa sts, ct#o|#o S 3^ S^af H^std ^|a5§# 

-ma| 011 24HMA|01| 17CHIAH, n * ^|1 c*SBtS(105)S o\^m #p| ^So|-^ 5! o\s.\o\\ ^ Sella *t LED H^m^. 

(n=AHM ct#at#(i05))?l£S GaN§°^ 3 AfS 100 §ae § o| H g&*\?\JL, sm j \ X 1 0 1 8 /cm 3 °t 

Al 0 -,Ga 0 9 Naa=! B#S 25 at ^;»|^ 3 A#a|- B#a| mi 20# ^#^a 2500 Sr^a# ^H|a noi n# 

AMI V ct#at#(i05)§ SSAiact. 

^ohs LED axt^ aja|oi| l7Bt7H°| atai ° fc a°t a^7|- adoH^ct. 

AJA|oi| 25AJA|oi| 1 7CHI ah , n ^ ^ajM#(4)S o|^2t ao| 5! o|s|o|| S^Ha fi LED ax^S «|5t«cf. 

(n= -E^a#(4))1050°CO||AH j §IS7|-rM^AH TMG, S h au| 0t7t^, #^^7|-^^AH A|Bt7t^S At§3tOi , Si# 4.5 X10 
18 /cm 3 £9flGaN2S S ^aj a#(4)S 6 A ma| at Ajg-A|^ct. 
^ohs led axt^ Aj A |oi| i 7 3f7i2| §§*t sta*t S^7t ajoiaM. 

AjA|01| 26-^A|01| 26^, a 52t AJA|ijEH 3CHI 5!0|ct. 



26^, A|-ii|-o|o](sgo| c^o| s\E.m ^d)^. g 7|e(DS L_f|cH| ^gsmi, g7|L-H# #-g-3| 

^□jo^ 3^ A^n|-o|Qj , zt £|oi| ^n|l(MgAI 

2 0 4 ) 2+ 7|£h o|s>[cH[, SiC(6H, 4H, 3C# if), Si, ZnO, GaAs, GaN#&l 7|£h# A^fh ^ oic|-. 

(^je)#(202))zl ^, 510 °C77^| ufiaini, 7H a| oi 7[±^M t^, as 7^^ oj- a u|ohaHMG(SB|Di|g7|-a|^)# A|-g3h 

01, 7|e(1)Aj-o]| GaN^-EEL S u^i#(202)# °f 200 ^ Ajg-A|^c|-. 

(*f|1 Si^l#(203))^Hi#(202) 4s TMG£f# S^^I, 1050°C77|-A| aj-^a|^c|-. 1 050°COj| A] , Q^7[^^A-\ 

TMG, °>-a.Mo|-7^# A^|-oi ^ ^ai oj^g GaN^^ & *l| 1 &ii*||S(203)« 5/zm s| °|^|^. ^S-a|^cK 

*i|1 HS« y-^|#(203)^- Hili#(202)Mc|-i jn^, oils 900 C 1 l00°COi[Ai 3do| uh^^j -h^l , GaN 0|S>[oj| 

In 

xAlyGa^x^NCO^X, 0<Y, X+Y<1)^ ^ Xl*lel\ GaN BE-^, XSto| 0.20|3|-°| Al 

xGa^xNM A^^°j me^ ^§S^o| ah ~ i^S y-£*||#o| <*o\x\7\ tl^K s& u-lnHS ah^a|7|-^ ^o| 

u|-5j-*i^| 5 #ai-o.1 Am 0|^o| m-^|^ ^&A|^[c|-. *° # aj ^£§go^ 3|.^^ ^ ah^j ° y£*l|0]| 7p^2I, X\ g-g 

^ 0.2 OMEGA • cm H^lel, Si, Ge#^l nS ^|2 n^ «I-JE*II fic^ ah - o t o_^ £^3|-oi *|g-gg x-j^Al 

WI2 i!S» *h^lS(204))c^cH[ 1050 C oil Ai TMG, °^Mo|-7^# A^3|-0i s <>j^g GaNS# 20 g^HS^-l °| ^l-S 
a|7|21, ZL ^ Al^h 7^# ^7^01 Si# 1 x 10 19 /cm 3 GaN Sir 20 ^|S £&A|£:n, ZLB-\H Si# S^m 

GaN## 20 §^e^o| Ajg-Al^cl-. o|^ #o| ^01, 20 §r^#°| el ^9 GaN^^ o|^CHa| a#^K Si 

GaNS# 20 g^E^oj B |o^ ol^QjAj A^g-Al^cK zLa|ni mm ^jSohni, GaN^^ S 1 ^l^l ^i|2 

y-^IS(204)^ Aj^A|^cK 

WI3 ^-i^|S(205))^cH| A|a_h 7^°1# S^^l, 1050 CCH[A] M^W^ o|-ZL ^1^9 GaN^^ S ^13 

*J-i*l|§(205)# 100 g^^#o| awaI^cK aH|3 ^^|#(205)^ GaN0|£[cH| In 

x AI Y Ga 1 _ x _ Y N(0<X, 0<Y, X+Y<1)^ ^ ZL ^^| ohS H | X | ^A[n_h j a|-sj-^i 3pi|-^ GaN 5E-^, X^0| 0.20|3|-o| 

Al 

xGa^xN, ySto| 0.1 o|3h°| in 

yGa^yN^^ 3h°j ^S*^o| ah^ y-^-ilSol ^QiA|7| tl^K lnGaN# =l ^\o\\ ai# y-^ 

^&a|7|-^ S^cHI, Al# ^a-1|#o]| H=if(crack)o| 5# U-A"|e ^ oicK 

(#^#(7))c^ 5 800 3|-zi, ?Ha|op^# m^l|3|-ni, tmg, TMK^ai^g^q^), °"-a.Moh# a^o|-oi ei^g 

ln 0 4 Ga 0 6 N## 30 ^ ^^ A |^ Eh^otxf- ^ #^#(7)# ^&a|^cK ^^i- #^ InGaN^ S 

(p^ #2fl9S(108))^-S, 1050 o C0]|Ai TMG, TMA, ^MoK Cp2Mg(A| e|-d|cH[ y n[zm\£)^ A[^is[Oi , Mg# 1 

xl0 20 /cm 3 ^9 °|- Al 0 ^ao 9 N^^ S 20 °| ^^a|^i TMG, ^a.qoK Cp2MgS A^3|-0i Mg* 

1 xl0 19 /cm 3 ^9°]- pS GaN^^ S 20 °[ ^;^|^ Ajg-A|^c|-. o|3|- e|| ot o| g §i ^ ^a^^ _ # m- 

^l 0.8 A m S| ^^Ah^ OI^CHAJ p ^ #&HS## S^SI^h 

(p* ^-^H#(208))^#, 800 1; oil ln 01 Ga 0 9 N2S S ^i|1 ^^|-# 30 ANGSTROM , =L ^ TMI# Sa|o|-2I 

Mg# 1 xl0 20 /cm 3 GaN^^ S *i|2 ^^l 30 ANGSTROM £§-a|^c|-. zlb|Z1 mcH-^. # ^^|# 

600 ANGSTROM p^ ^^j^S(208)# ah§-a|^c|-. 

#S ^, ^^7;hA| Lfiaini, 5Eoh m^^\ymo\\ ^|0|If1# ^-gg^|L-H 0||Ai 700°CCH|Ai ohy §31-21, p^°| ci^ *i 

Ai&^M cK 

Ol-yg^, ?-J|0|Hi# b|gg7|0j|Ai ^7^1-21, ^|Aj-go| p * ^bh e -(208) ^°jCH| gAj.o| D [A Hf gAjol-ni, RIE(*m^ 0|^ 

o||S)S-*[oi| p^ ^^j^S^cHlAi cH[*j^ mnoi £ 5^ aH|2 n^ ^^|S(204)°| 

oilS^, sl^Soil Si-^ ^IHM§°| ggon ^| 2 00 Ni&h Au# if^fe p g^(io)^K ^7| pAj^ 

(10)^[ Htj-g Au ^ £j p nH^(pad)3^(10)# 0.5 A m ^ h S^M^K 

CHI^CHI °|^H in#A|^[ 7H|2 n^ S(204) °| ^°joj[-^ W^|- AIM tJrfo|-^ nS^-(12)M S^M^K ^l^| pS^(io) 

°| M^3h7| ^|^H SiO 

2 ^ S S^^ h # £ 5^ #0| S^A|^| ^ 3 ^|o|ui# ^HB^o|H(scribe)cH[ H|o|-0i ^-a|3|-ZL 350 A m ^^l LED^Ah^ SKc-h. 
^7| LED^Ah-^ 20mACH| Aj , ^^^t ^jo^ 3 2 V, 520nm^l e|-uH in , 20mACH| M Vf# 0.2 l-Ha| 0.3V ^# ^ 5iTI, 



10% 0|<y- S=£J-a|zj ^ 9191^1. ££0]-, ^A|01| 21 j2f fl-^ LED^Art- 
3.2 M|a[ 3.3V^| =^o| ^ m^lf MSl^K 



100^ ^l^o|-ni, 20mAcH|Ai ^joj Vf» S^h Vfe 



^A|01| 27^A|oi| 26CH[Ad, p ^ §ihe Ajg-A^l-^ el^g ln 0 9 N#^K Mg# 1 Xl0 20 /cm 3 £9& GaN 4^1 

Ad# 3d 0|2L[CH| , AJA|01| 264 SHS- S^H^ & LED^A># ^I^M^K 

^A|oi| 28^A|oi| 260IIAH, ^ihe ## aaA|^|fe. *l|2 SSh« eh£«st2| ^£Sln 0 05 Ga 0 gsN - o^ 3^ ^ 0|S>|0j|, 

^A|oi| 264 §e[|^ 3h LED^A^# aHI^cK 

AJA|oi| 29^A|oi| 26CH|Aj, p ^ 3ehe ^g-A^I-^ aH|2 ash* Mg# 1 xl0 20 /cm 3 ln 0 05 Ga 0 95 N §^ 

S ofe 3d 0|Si[cH[ a AJA|oi| 264 SbH^ & LED^Ah# x\\^*tL cK 

^A|oi| 30^A|oi| 26CHI Aj i p ^ me ^ ° 5 ^|2 H^S Mg# 1 X1 0 20 /cm 3 & Al 0 05 Ga 0 95 N # 

oh-^ 3d 0|Si| CHI a AJA|oi| 264 tUfm & LED^Art" 

^A|01| 31 41 a| oi| 26CH[Ad, p ^ 3|He g # Ajg-A^l^ i^t yhiA-|| Mg# 1 xl0 19 /cm 3 & 3d 0|s>[cH[, aja|01| 

264 S^H^ & LED^A|-# ^I^dK 

^a|01| 32^a|01| 26CH[Ad, p ^ ^ihe #(208)# S^ofe 3°, ln 01 Ga 0i9 N£S S *1|1 °| c\\£\o\\ Mg# 1 

xl0 20 /cm 3 £9& ln 0 ^Ga 0 9 N^^ o| = CH^| *l|1 sj-S a^^iei, Mg* 1 xl0 20 /cm 3 £9& GaN^^ S ah| 2 Ssl-^ 

^■^H-yoll Mg# 1 xlo" 19 /cm 3 ^Sa- GaN^^ *i|2 U^tW EES- Stft &%o\\ 3d 

0\S\0\\ ^A|01| 264 ^B[|^ & LED^# ^|^SJ cK 

^A|01| 33^A|01| 260j[Ad, p ^ sihe #(208)# 0|3|-S>|- io| S£o|--^3i o\S>\o\\ ^A|01| 264 & a b[| ^ & LED^x|-# x|| ^ 

^, 800 °C0\\A-\ ^l^g ln o.i Ga 0.9 N — ^ ^ 7H|1 y-£^ll^ h # 30 ANGSTROM S^a|^| n ^- TMI# Ad Ad o| ^a|^|2I, ^ 

^o| -;7]|m-otcH| |n 01 Ga 09 NOl|Ad GaN77|-^| M M ^1 ^^^fe ^l-S* S^oh^I, TMI7h 00| S 4s Mg# 1 xl0 20 /cm 3 ^g& 

GaN^^ S AH|2 b}^^ 30 ANGSTROM ^S-a|^d|-. 3LB|21, TMI# AdAd^l ^H^I^I, =tj\\^o\\ GaN CH| Aj | n 

o -|Ga 0 9 N7;hA[ AdAd3[ ash^ ^?AH%=r S^ol-ni, TMI7h 00| ^ ^. Mg# 1 xl0 20 /cm 3 £9^ GaN2^ S ^f| 2 
*i|°J-« "30 ANGSTROM ^g-A|^c|.. ZLS.| m 5 TMIS AdAdo| ^7|-a|^ ; ^o| ^| g"-ftoj| GaNCHI Aj | n 

0 ^ao 9 N7;hA| AdA|o| ^s|-o|-^ ZE^^A^^ ^. ln 0 9 N^^ S AH|1 30 ANGSTROM 

CK ^ AM|2 ^^ll^0| Z|Z| 1 0 #0| ^ [CH77hA|' y-^ol-oi, p^ ^^j^#(208)# Aj^A|^cK 

0|A|-o| ^ A |01| 27 L-HA| 33^1 LED^A^, AJA|01| 26^ , ^Efloi|&h H|JHo|-01 y-^mAjo| ^Oi^^K 

SE&, ^e.H InGaN^^ o|-= of^l p^ ^^j^S^, lnGaN0| u|jh^ n^o| ^ S^cH|Ad ^ #^7^ H7| ccH-^oil, =l ^^^#o| 
^aho^ ^AHH|ni, *Aj S cH|Ad §Jo| nhg-ol g-n|-g-^o^ 0 |§o|-^ ^7H|7F SiacK zlbHu^ ^ ^9] p ^ 3ehe|o 

^ZE^ op| [CHICHI, E.^S ^-aj^i- ^e.[|o| inGaN^^ o|^oj^l p ^ ^^Jl u|m^|-oi, n|-&o| ^ & ^ 5i 

cK ccfaw, s tU-So|| 5icHAd p ^ ^e § o ^o| &II ^ f o^o| o|^# ^a|#^ oi^i, ^^§E &^-a|^ - oi cK 

£ 7^, GaN ^ InGaN^^ o|^cH^l ^ y-°g°| Ah ^-ze°| ch#^cH|Ad, n|-^oj| cff^ ¥4§§ ^EhtH 3do|cK zl 
GaN(20 ANGSTROM ) ^l- lnGaN(20 ANGSTROM p[ JRtW^ 30^7| ^#£|Oi, Mg7h 4X10 

i8 /cm 3o| ^aioi fe^* ^ P s #o|cF. e^, ^7^, y|JHop| ^|^n ^S^l in 

0.15 Ga 0.85 N (- " 771 ^ 0.12/^m)^ 0|^-CH^| ^ 2| ^3fgg ^EhtH^K £74 ^0| , * S| ^xhzp.^o| ^B^l 

g^h^ HhS-ol 400 nm-^e^l ^o\\ DHohoi #^#o| ^a-)o| ^o|^^, ^ ^-^^1 ^^^F ^ZES-I n|-^o| 400 nm^Z^I ^cH[ 

cHohoi T^Sol ^d# ^ ^ $icK ^ 7011 ^Bhth * US2| ^^o| ct*n|-j]f ^bH°| z| Ai^§ rho Sf^ 

0. 5 OMEGA • cm S&c+. 7CH|Ad A^n|-o|cd 7|^o| ^o| ^4§g 100%^ & S^cH[ *J-qiao| cK 

^A|0j| 34^A|01| 34-^ £ 8CHI L-|.Ehtf 41 A| ^E[| 5CH[ ^h^h ^0|cK 

AjA|0i| 34CH|Ad-^ AhK|-o|CH(C^)^ 3 7|^KD# MOVPE^I y-gS7|LHoi| ^Jgol-ni, ^^.71| 3|-01, 7|0-o| i 0 50°C7;hA[ 

^a|^ 5 7|eo| a«c:K 

(Hdud#(i02))ZL ^, ^5lW 510 °C7;hA[ Lfiaini, 7Ha|cH 7h^Ad 7^^Ad ^£l|o^ TMG( M a| CH| ^7|-a| g)s a^3|- 

01, 7|&(i)A(-oj| QaN^ S HEd#(102)M ^ 150 °| ^^l^. Ajg-A|^c|-. 

(^£9 GaN#(103))u-|if)#(102) Ajg- TMGel# S^-ni, 1 050°C7;hA[ ^a|^c|-. i050°CCH|Ad, £J^.7h^Ad TMG, ^ 

a.u|oh7h^# a^3|-oi ^ ^aio^ j ^i^g GaNS(l03)# 1 .5^ ^ h ^l^ ^QM^i^l. 

(n^ ^i|E§( 4 ))n ^, l050°Coj|Ad j ^J^7^^Ad TMG, ^S_Mo|-7^, Wr^WJl^^M M S:(silane)7h^» a^3|-o1 S^th 
Si# 4.5 X 10 



18 /cm 3 GaN°^ S n* 5^#(4)S 2.25 /mSl stalls. ^SHSc*. 

(n= x|| 1 c|-#q-#(305))c|-So)| Al^l-^nj-g g^zi, 1050°CCH|aH TMG, ShS.i-|o|-S a|#3|-o1 , ££9 GaN£^ ol^ol^! s|-# 
(305a)S 2000 §^^#a| H &&A|?|:a, zl * S£°||a| a|^-7|-^S 4^°K>1 Si* 4.5 x 10 

18 /cm 3 £9 °h GaN°^ 0|^CH5! #Zfft(305b)# 300 g^H#2| a| ^S"A|?|ni, c|-a| zl ^ Al^^EJ-g 

S£olM GaN°^ o|^-CH5! ##(305c)S 50 s| g&Al^, 3#°S o|^-Oj^l # a| ^| 2350 

2|«I1 ^#^#(5)* «S-A|acf. 

(n= AH| 2 ^#a|#(106))^g, S£CHH , GaN°^ S *f|2 SShS el£*l| a|S 40 &&M?\1L, zl ^ S£* 

800°C^ M^L TMG, TMI, ?1S.l|o|-S A|-#S|-a| , |n 0 13 Ga 0 87 N°5 =! ^^ SS|-# &J-E*H^S 20 Aj§-A|£c|-. ^ 

21 #7 1 3E*tS y-^Shi, *)|2 + ?H| 12| ^AHs JE^S 10#^| ^S'shi, s|*^ GaN°S S 2 SSI-S &j-£*|| a|S 40 g^Hg £ 
S-AI^I i^x|- =f.s.3\ c|-#°t°s S n * ^#^#(306)* 640 S^H S o| a* asWa^. 

(»^#(7))c|-g, GaN°^ S &^#« 200 §^eso| si-^IS ^&a|7|J1, zl * 800°C^ 3kZL, TMG, TMI, #2. 

MoFi Ahgshoi oj£S ln 04 Ga 0 6 N°2 S 30g^MS°| a|^|s £§-a|^. zia|ai + ^# + + ^# + 

& wo| - A -!^ §w if 5g, 4 # JUCH^ £j S 3hm., # af ^|# 1120 °tx|- ^#^£E^e| #£#( 7 )# 3 

&a|^cK 

(p= c|-ftai- #Sflgg(108))^(-g, Si 1050°CCH|Ai TMG, TMA, 2J\2.L-| 0|-, Cp2Mg(A| #^ny B [c\o\\ y n|-ZiMI#)# A|-gSKH , Mg* 1 
xl0 20 /cm 3 £9& pS Al 0 2 Ga 0 8 N°5 S XH| 3 ^# 40 §^eso| s| ^|S ^&A|7|m_, zi ^ 800°C^ 

in TMG, TMI, ^a.L_|oK Cp2Mg# A|-g3|-Oj Mg» 1 x10 20 /cm 3 In 0 03 Ga 0 97 N°5 S *H|4 £J-£*II 25 

2| a| <=;»| S ^S-a|^dK zlr\JL 4h7| 3E*f# aH^m, AH|3 + *l|4 ^AHM jams. 5'S^ 1 *j#3HH, s|^^ x|| 3 SSF* &}E*l|a|« 40 
§^^S°| at ^;^|^ a^ & a|?j ±z|xHi2fi] ch#a|o S s p = ^#Q| t^g§(8)i 365 g^^S^I ej- ^^|^ ^&a|^c|. 

(p^ GaN ^^!HS(9))ZI ^ 1050°CO)|AH, TMG, ghaMoK Cp2MgS A|-SS|-o| , MgS 1 xl0 20 /cm 3 E9et pS GaN°5 9p=3 
a)M#(9)S 700 §^SS| q ^g-A|^cK 

£J-# £EI ^S77W 5E*h ^|7|^o||, ?-|o|2)(wafer)S £J#S7| l[|o||a-|, 700°C(»|Ai ohyg (annealing)* IS 

Ohyg^, 9II0ID1S ahSS7|0||AH SlTiSpl, S|##2| P ^ ^ejM#(9) fiejOll ^Ako| Q |A 3i «ah^ R| E (alSAH ol^oll 

S)S*|o|| p^ ^a|M#^o||Ai oil IS^oi £ 83h n^ ^M#(4)2| fiSf i5A|^c|. 

oilS^, s|a^o|| °i- p ± sajM^oi c|) ggoil m- 2 00 S^^M^I Ni^h Au# i&o^ P 2^(ii)a|, pS^ 

(1D4WI S&g AuS 3 p EH=(pad)S^(11)« 0.5 A m 2| ^ a««cf. 

aH.oliaol s|«R ^saitj n * €e|Hi(4)2| iao||-fewafAI*9W»fe na^(12)*a«»H>l LED4:^S«ct. 

AJ-7| LED^iAh^ ^gJ-ftSoj- 20mACH|A| , 520nm2| Sm&lt&m ^MJL, Vfe 3.5VO|n=| , gad S> Af- ^#^-£E°| LED^A^ 

u\mt[Oi Vf-b 1 .0V 7|77K>| ^2, SSi^- 2UH o|4h t> tA M<^. , 10mACH|A-i #b||o| LED4;A|-2|- t1°| ^ |_ED7|- 

eoia^. SE°h, ^CHS LED2| ggojag LED ^s.\ n # SI P#^| z| g^cHI «»J|}£S AiAi§| go^g ?w a2 | ^-eH °| 

1 .5hh oi4hoi esa^. 

#BH LED^A|-o| QaN£S 3 tJH itf ^-fehcHI , GaN£S S ^l|2 uiit|S, Si£9 GaN2S S n= ^a|S#, AJA| 

oil 27^ c|-# °j=x|- a El-tJ Mg £S Al 0 ,Ga 0 9 NS, Mg £S GaN£^ o|^-CHaJ p= ?ei^S# ^a|d|| 

S*j#°!-2io|ch. 

-ma| oil 35AJA|01| 340HIAH, »ah S(7)# o|3hfih ao| SSoh^ 5! s|o|| *h LED ^a^» *||«H8(cf. 

(»^S(7))c|-go||, °Hi3 GaN£^ S 250 e| ^&A|?|3, zi ^ SEf 800 , TMG, TMI, ^ 

sHohS A^^oi in 03 Ga 07 N°^S 30 «SA|ac|-. na|zi + ° S + g-w + ° 

* + 3-^2] ^AHS. 7#, ^i§§ 6S JUCH^ ^#ohJl, # °t 1930 §^M2| CFS SfAf- #ah 

S(7)S «SA|act. 

^Ol5j LED^A^, ^y-sg-ff 20mAOI|A| 470nm2| ^S^^#* l_|-e|-uH in. , aja|01| 342|- §°js| Se||^ 3^7^ wo| Sc | 

aja|01| 36AJa|01| 340HIAH, #AHg(7) S o|«hS^ Sol aa^fe 5! a|o|| S^lSfl LED ^A|-i ^l^cK 

(#^#(7))c|-scH| i oj E g GaN£^ S 250 S^^#2| ej- ^^Xl^ ^&A|?|i, zi ^ 800 SK>1 , TMG, TMI, # 

SMohS AhSShoj eisig in 0 3 Ga 0 7 N°5 S 30 S^^#2| of ^;^|^ ^&a|^^. ziHjjl + + + ^ 

* + S^2| SWff 6#, 5# JHCH^ # aj- 1650 §^^#2| cfS SfAf- #ah 

«(7)» ^&A|^cK 

^Ol5! LED^A^, ^a»S# 20mAO)|AH 470nm2| -SAHy-g-g L^L-Hm, aj A |01| 342f Se«S a3f7|- <^0\^c[. 



AJA|01| 37AJA|01| 340||AH, #AH*( 7 )g o|3h2h ^0| H§Sfe S|o|| S ^ s & LED rfcA|-» Xfl^cK 



(*£!§(7))^CH[, GaN^^ & S^SS 250 g^^S^I ^ ^&A|^|ni, ZL * 800 o|-a) , TMG, TMI , ^ 

a.qoh# A|-g^|-oi ei^S ln 0 35 Ga 0 65 N^ S ^SSS 30 °i ^ &A |^c|-. zLa|ZL g-w + + g-w + «=> 

5 + S^2| ttM iH 7#, 6# JUCH^ ^#3|-21 J # °| 1930 g^e S o| ot x[ . #ah 

S(7)« ^&A|^cK 

^CH^I LED^a^, ^gfSS-ff 20mACH|Ai 500nm^l M- e=WI m , ^a|01| 34^ §e(|_^ SSS ^OlS^K 

^A|oi| 3841 a| oi| 34011 *g§(7)« 0|3h£h #0| 3d S[CH| Se||s oh LED ^Ah# cK 

(#^#(7))^^, <>j^g GaN°^ S &^S# 250 °| gS^lm, ZL « 800 ^t&\ , TMG, TMI, ^ 

HMo* A[§5fol in 0 35 Ga 0 65 N^^ a 30 S^ = B2| QJ- £3*1 a zlbIZI + <j»g + guj + <j» 

# + S«2| ^A^ ^ff 4#, 3S ^ISol-Jl, # °| 1090 g^^#o| ot xF #^ 

9(7)* ^&a|^ck 

^CH^J LED ^Afe, 20m ACHI Aj 500nm^l u ^f M-eK-HIO., ^A|oi| 34^ gEHS 3:s|-7h ^CHS^K 

>M A |oi| 39^A|oi| 34CHI a-| i n ^ 2H«H ^S^S(306)# ^gA|?|A| p>-^ ^ 0|S>|cH| §^J°h S^HS & LED^*|-# 

^CH^j LED r^Afe, ^A|oi| 342} u| JH3|-Oi ^A^ah -i y-^-S^ol ^ A") 3|-5=| u|- , §93^ ^A|01| 273f 7H°| §aJ3|-?i| 

AjA|oi| 40^A|oi| 34011 AH, c|-S°i- fE(g§(8)i 0|3|-S>f ao| o|S>|0|| S E H ^ & LED X|| ^ 

(p^ Efi!^ tBH9§(8))^ 1050°C01[A-| TMG, TMA, £)-S.l-|o|- s Cp2Mg(A| #^ e|-c| o\\ y d|-zlM|^)# a^KH , Mg» 1 
Xl0 20 /cm 3 £g& pS Al 0 16 Ga 0 84 N°^ S p^ EFH^t fBH9S(8)I 300 °| ah^a|^c|-. 

^CH^J LED ^Ah^ tB«g§§ i^A^ o|-X| °>ZI S°dS°^ o|-Oi AjX|-A|^|X[nh, ZL 0|S|2| # ^ ^o| ^^CH| °|^H , AjA|0i| 27M 

^ g^fih y|JH3hoi z}o|opH| a ^ 

AjA|oi| 41AjA|oi| 3401IAH, n ^ ^11 ^#^ h S(305)# o\^m ^o\ °| ^;^|# ^ o|fi|oi| §e[(^ & LED 7:i|Ah 

(n^ ^#^ h #(305))^ A|aj-7|-^el# SA|ohni 5 1050 C CH| AH , TMG, ^Mo|-7^# A^o|-oi ^l^g GaN^^ o|^Oi^| o|-# 
(305a)S# 3000 ^ ah^a^IHI, zl ^ ^^cH|aH a| b^^-I- ^7^21 Si# 4.5 X 10 

18 /cm 3 GaN^^ o|^-CH^I ^S(305b)# 300 ^ ^A\^ zl^ A|ah7|-^°hg §A|o|-ni, §^ 

^iCH|AH GaN^^ 0| =OH^| a^S(305c)# 50 ^ h ^l^ ^S"A|^ 3#^^ o| =Oi£l # °J- ^| 3350^1 AH| 1 

^ h s(5)# aaAiacK 

^OH£| LED ^Ah-^ ^A|0i| 342} 7H °| ^>TI ^0\^c[. 

AjA|0i| 42AJA|oi| 41 CH[ AH, n ^ AM| 1 ^#^#(305)M O|o|-£|- #0| oh ^ 0 |a|oi| AjA|0i| 41^ ^^oj- ^E[|^ 3h LED ^Ah# AHI^cK 

^, o(-#(305a)^, AI 0J Ga 0 9 N# 3000 °t ^^a|^|21, ^^#(305b)° Si* 4.5 x 10 

18 /cm 3 Al 0 ^ao 9 N# 300 ^ ^&A|^|zi, ^#(305c)^ AI 01 Ga 09 NM 50 ^ ^^| 

s^axiacf. o|a^^ 0 | ^oh^i LED^A^ AjA|oii 4i^7H°i se&^s^ni, ass-a^h^oisi^. 

u|jH0i| 1 AjA|oi| 34CH|AH, n ^ AH| 1 c|-#°j-#(305)^ <>j^g GaN^^ o|^oH^I 3|-#(305a)# S^o|-a| o>- ^ 0 |£|cH| §<y 

6 SeH^. & LED^Ah# AHI^cK 

^ch^i LED^Ah^ >M A [oi|34£|- y|JHS q, gss&oi ^AHopii aHo^i-zi, ^ ^ Vf^l- MS ^*t>\ ei^A| 

H|JH0i| 2AJA|oi| 34CHIAH, n ^ 1 ^#^ h S(305)# Si GaN^^ 0|^cH£l ^^#(305b)M o|-a| ^ 0 |S>|cH| ^ 

a& S^H^. g- LED^Ah# AH|Ah*HcK 

^chaj LED^Ah-^ Aj A |oii34£|- y|ina ^ #^ ^ ggs£j-o| H7H| Afoi-ohni, Ai-7| o|a|o| #^-o| eir^s efo|-A| 

y|JH0i| 3AJA|oi| 34CHIAH, n ^ ah| 1 c|-#°}#(305)^ oj^g GaN^^ o|^GH^| Aj-#(305c)# S^°|-a| p>-^ 3d o|s>[cH| 

& S^H^. & LED^Ah* THI^cK 

^oi^l LED^Ah-^ AJA|oi|342h yima- tcH , x\^7[^7[n^., £PI o|a|a| #^-o| n_ho|-A| 



AjA|oi| 43^A|oi| 43^ m&o\\ £hoj- AJ A | ^Efj 6 0j[ ^hoj- ^o|cK 



PltKD)^l-OlOi(C^)^ S )« MOVPE^I y-SS7|L[)0|| ^H^-ZI, *a?l| t>W , 7|£h°| 1050°C^W £H=rA| 

?l£^l a«c^. 

(H-|II-|#(2))ZL ^, 510 °C77M Ml B.| HI, ?H B| ^rfc, 7|-^S>H oj-S-M 0|-£>+ TMG( ^ £| D|| g7|-a| g)S A|-g3|-0i , 

3(1)^1 GaN^^ g ^ni#(102)# °f 200 £ S-a|^c|-. a-|^ch|a1 £g-A|2! *1|1 ^ni#(2)^ 7| 

(£i£S GaN#(3))HHi#(2) ^, TMG£f# S^^I, 1050 C7;^| ^a|^d|-. 1050°CoM , gs7|-^.SAH TMG, ° n ^Mof 

7[±W ^ ui-a[o_^ GaN§(3)# 1 A m s| ^& A |^cK 

(ni ^H#(4))zl ^, 1050°CCH|AH 5 SS7|-^SaH TMG , o^h*:, S^S7|-^SAH a| s L h( S ilane)7|-^# a^KH uj-g 

S\W 3 x 10 19 /cm 3 £9& GaN^ & ni ^^^§(4)1 3 A m^l ^F'll-^ ^&a[^^. 

(^^9 GaNS(5))^# A|s.h7^°l# S^Hl, 1050°CCH|Ai S^H^ o(-o^ <>j^g GaN#(5)# 100 °| ^ 
A|^cK 

(ni ^-#^-#(6))^, 800°C^ *[JL t TMG, TMI, gJ\E.Ho|-» Aj-g^oi , <>l^g ln 0 03 Ga 0 97 N^^ & *i|2 ^ h 

M 25 Ajxj-A^IHI, ZL ^ ^A[7|2X, ZL CHI GaN^^ & *l|1 yi*ll 25 ^^a[^^. 

zl^i ji ai-7| vmn^-, *ii2 + *msi jams. io#^i ^ *\- a n^ ^#^ h # 500 s^^s&i ^ ^is 

(»Ajg( 7 ))c|.^ j o^g GaN^^ S S^SS 200 q-^ll =_ ^wa^ti, ZL ^ 800 ^, TMG, TMI, #2. 
Moh# Af-g^l-oi °d^g in 0 4 Ga 0 6 N° & 30S^ga| sj-^IIS £!&a|^cK zlbIzi g-w + + g-w + « s + 

& Wo| -Aj ^ 5#, 4# Hl^ ^S^HI, # °f 1120 g^^^o| o tXh °^^^^^| *AH S (7) # AH 

(pS ^#^ h #(8))^, TMG, TMA, o|-, Cp2Mg(A|#^^l o\\ y n|-ZLL-|| A^^oi , Mg# 5 X1 0 1 9 /cm 3 E9 °h 

Al o.i Ga o.9 N — ^ ^ 7H|3 y-^-il^ h # 25 g^E^oj oh AH^A|7|ni, zl ^ Cp2Mg, TMA# Sa[^|-Z1 ^i^g GaN^^ 

i|| 4 y-^x-|| 25 §^e^o| ^??\\^ Ajg-A|^c|-. zia|Zl t^ol-Zl, 7H|3 + *i|4 ^A^ JRCH-^ 4§^ ^# 

3h ^xh^ S p^ ^#^ h #(8)# 200 ^ ^|^ Ajg-Al^cK 

(pS ^^j^#(9))ZL ^, 1050 C^|Ai , TMG, Cp2Mg# A|-^3|-0^ , Mg# 1 xl0 20 /cm 3 pS GaN^^ S pi 

#(8)M 700 §^^ # o| ^ ah^aI^cK 

tl-S^^^, ^#aj^77|-a| ^^Zl, i9 ^.opi^l-oll, flo|it| (wafer)* ^Sg7| lH^a^ 700°caj[A-i o|-y § (annealing)^ IS 

ohy a*, «io|jei# ahss^ioiiAi AiTfshji, ^i^s^i ps ^^^#(9) ^^oj| s^o| s^o^zi, RiE(em£ oi^ chi 

S)S*|o|| pS &a| ^S^o||/H ^IS# S^oi £ iaf ^ nS 5^1 =S(4)2| ^Ed# ^#a|^cK 

CH|*j^, s|^#CH| 9l^r pM e-o| D[) Bf ggo|| °| ^| 200 Ni^h Au# ^t,^^ p g^(10)^, ^7| p^j^ 

(10)^ch[ Au^ 3 p HH^( P ad)S^(11)M 0.5 A m ^ h ^|s S^fflc|-. 

a-S, CHISCHI s>\m i^#A|^ nS ^^!M#(4)S| SSOII-^ Al« &^o|-^ nS^(1 2)« S^o|-0( LED^Ah^ M^K 

^7 1 LED^Ah-^ ^U-SS^ 20mAcH[Ai, 520nm^l ^eI-lHzl, Vfe 3.5VO|ni, #eH <^x[ -^^^o| LEDdt 

*m y| JHo|-0i Vf-^ 7H°| 0.5V ^Jl, 2*H 0|^ ftA^^ 1 OmAcHI a-| °| LED^Ah^ 7l°\ ^^t} ^ LED 

7h ^oi^cK c|-a| ^ch^i ^Ah-^, ggg^oi #eh°| ^a^i- u|m^^ ° M 2 uh o|ai- ot^^i 

^BH LED^a^I GaN^^ S ^niS^I, GaN^^ S ^H|2 h-I^S, Si^9 GaN^^ S ^^j-^S, ^a| 

oil 1^ ^Ah ^^-^^^ S Mg ^.9 Al 0 9 N#, Mg ^9 GaN£^ 0|^O]a| p ^ me §§ ^AicH^ 

^A|oi| 444JA|oi| 43cH[Ai, nS ^S^ h S(6)# ^&a|7|-^ AH|1 u_h£^j| Si* 5 xl0 18 /cm 3 3^ GaN^^ o|~^ 

?A o|£|cH| ^^oj- ^e[|^ oi- LED ^-Ah# xil^cK ^CH^J LED ±.^\^ ^a|01| 43^ 7^| §§^ ^a^^ 0 | 

aja|01| 45^A|01| 430IIA1 nS ^rS^ h S(6)# ah & a|7|-^ S^, ^H|2 S\m 1 xl0 18 /cm 3 £9^ ln 0 03 Ga 0 97 ^ 

ol-ZI, AH| 1 S\m 5 xl0 18 /cm 3 ^.9^ GaN^^ ^ 5 0|S|CH| S^oh ^eH^ ^ LED^A^# AHI^M^K ^'cH£l 

LED ^A^ 20mAO^|Ai vfe 3.4V, #^ ^Bfj ^ h|jh^ ccH 1 .S^H o|^ ^<=$c[. ^ §9^^ ^A|oi| 43^ °^M^K 

AjA|oi| 46^A|oi| 43CH[Ai, P i ^§^iS(8)M a^S-a|7|-^ 3°, AH|4 yj-i^|^oj|Ai Mg# 5 xl0 19 /cm 3 ^9 & pi GaN## 

A^S-A|7|-^ ^ 0|£|CH| ^^oh iE[)^ oh LED^A^# 7H|*l-3|-0i ^A|01| 43^ 7^| ^ LED^Ah# wojc^ 

^A|oi| 47^A|oi| 43011 AH, pi c|-#^-#(8)# ^&A|7|-^ 3°, el^S AI 0.1 Ga 0.9 N — ^ Xi|3 =^ y-i^l^M 25S^^#, 

S GaN^^ ^ AH|4 y-^x-ll 25S^M#o_^ z|Z| 2 #^> JUcH^ ^#^1 # °| 100 g^M^o^ 3^ ^ 0 |£|cH| 



SENS & LED SII^SKH, -ma| oil 433f 7iS| LED^A|-» eSttcf. 

-ma| 011 48-^A|oi| 430II ah, GaN#(5)S cH£Js[|aH ^#o|## S^m, ££& o|oKH| ^td- 4St o|shs>h #o| 5! 

0|2|CH| SeHS ol-oi LED *l| c|- . 

(n= ^^s(4))=l ^, 1050°CCH|AH, &g.7[±g.*\ TMG, <£2.LAo[7t±, M£#?I-^SAH M&(s\\anep[^i =SJ*h ghS 

2£, Si» 6 X 10 18 /cm 3 GaN2^ S n= ^aj^#(4)S 2.25 ,«m2j BH^HIS ^§-A|^c|-. 

(c^gaig)c^ A|&h 7^°i-S §a|S|-:ei, 1050"CO||AH, TMG, opk^S A|-gs|-oi , GaN£^ O^CHS skg(305a)S 

2000 g^ego] a| ^ s Ajg-A^ioi, zi * S°J &£CH|AH A|e.h ^7|-3HE Si» 6 x 10 18 /cm 3 ESfl GaN2^ o|^OjS 

g^J-#(305b)* 300 a| Ajxj-x|?|31, c|-a| zi ^ A|ah 7h^oj-^ gAlSpI, #1J ^£0||aH GaN2^ o|^Oj 

£J #S(305c)» 50 3#°S 3 § 2 350g^M#°| cHSBtS* glWacK 

(nS c|-#°|#(6))^|-g, #SJ*h ^^ollAH, ojsg GaN°3 S *l|1 S2|~& eJ-£*H°tg 40 S^MS £S-a|?|;ei, zi ^ 800 °C 

3 TMG, TMI, ShS-MohS A|-g3hOl, ojES ln 0 02 Ga 0 98 N°3 S *H|1 Ss|-# V^M^m 20 ^a^cI-. ZLELIHI ^ 

7| eJ-^ohni, aHM + aH|2S| ^AH3 JHCH3 1 0S-Sij s|*3 GaN°3 S *l| 1 &E.m ej-g 40 &S-a|& 

±2|a> ^3L°| CH0405 si nS ^*q|* (6)# 640 §ae § o| aj. ga-Mficf. 

(pS cf«ej-*(8))ctS, 1050°CO||AH TMG, TMA, ghaqoh, Cp2Ma(<M9SH^o||y □^M|^)# A^SK>1 , Mg* 5 
xl0 19 /cm 3 ps! Al 0 2 Ga 0 8 N°5 =! *f|3 ash* &E.mi\m 40 g^MSe] e| ^g-A|?|ni, zl ^ 800°CS §h 

m TMG, TMI, &LE.L-I0I-, Cp2Mg* Mg» 5 x10 19 /cm 3 ln 0 02 Ga 0 98 N°5 S *l|4 SsH# &J-£*|| ej-g 25 S^es 

2| a| -77||3 ah§-a|5Jc|-. ZLR\JL &7\ ZE*4# aH| 3 + *||4 ^AH3 5#^| ^S^-IH, s|^S 3«H| 3 &J-E*l|aj-S 40 

<£CH£! LED^A|-^ -ma|01| 43^ 7H°| S! Vf» <-[E[i^JL, LED^A^o| n * nj p go| zj. ^^0)1 wygo S 

AHAHS| gojf 7|5|01 gSS^« ^So^, AJA|01| 43S| *\ M* S|| AhS&SEflSl ^£^1^3^ 1 .5^ 0|^ 0 | S|i, AJA|01| 43 

ac| §gg°JS ^£th S:a|7F ^cH^ch 

o|Ako| aja|o||o||aH, LED^A|-oj ^ah^xl-i a|#o|-01 -MSSSAlel, tS^ LED^AWI 5!^ OW1, B)|0| 

ah c+o|2= ^a^°| c+e StS^^foil ^ H #a ^ Sllcf. 

SE&, * ^^AhCH| fiSSlfe 2!^ OHMjI, SSh# A|#otOl ^gSfc ElSfS^I. #Aj!AH^o| ^3^AK Sg EBHA| 

— ^H , ^quho|^ #°| g x|- g-x| ^ch| e 5)§f ^ aicK 

oia uhfih ao|, -m. y-gcH| !!(.= , ash# £J-E*1I^ak s S | SS |-# a-S-^^l-fe aH^^-chiaH ^eDsi LED^A|-a|- 

- 3> 0 |A^o| $ a 0 | SOfXljl, °| ifA^ 7feohcK 

se&, y-^oii cc^k ggggt -^ah S st^A|7|^ ^oi 7^o|-ji, aj S |ah 0 | ^ ^s.[m ^m^i* ^ ais, ^S7^£h 

^^°| 5H= n= S^3f, ^=^2-| as|f ^ a^3fs| A|-o|cH| fAJff ^a^ 

oil SJoiAH,^7| n * S^ai ^ois. sm-ai Ss|f yesiSS, ln# S#ofe ^^ gsif yE«flot^, ^ ^1 mnW ^ ^o|*h ^ 
^« 3>-^ fl|2 SSI-S- &J-£*||Qto| c|§^st #7| ^1 &J-£*||QH se-^ aj. 7 | ^2 #°| »cH 

E cHi^ 3|l|2| a| ^|7H00 o|o|-oj 5j§ s|-^ as|-# uVE.m 

AH| 1S-CHI alCHAH,AJ- 7 | a-IM SSI-S £i-E*l|a|-& ln x Ga 1 _ x N(0<X<1)°S 0|^.O|A|ni, aj-7| aH|2 SSh* BJ-Ea-II °t-E ln Y Ga 1 _ Y N(0<Y< 
1 , Y<X)°S 0|^-CHA|-^ 5J# |g££ o|~^ y-EA-|| 4: A|-. 

AH| 1t5E^ AH| 2S-01I alCHAH,Aj. 7 | x|| 1 y.£S||n| ^J-7| AH|2 SS|-# &j-E.*l| Q| #°| »CHE o|-u|.o| m- ^;;||7h, E 1 ^^ 3<H| 1 

asi-s- y-EAiia| £E-& ah|2 ssh^ y-E*i|Qt a|o|oii ah^ ^oi*h 7j§ tgns mmm &s.n ^n. 



A)| Ig-SE-fe- A1| 2&CHI a!OlAH,Aj.7| x|| 1 ^s.[m y-EAH|a| SEt 4!-7| AH| 2 gs|-S B}E*I| a| §o| sjoj^ s|-u|.o| 3^ oj^o] ^ahqI, eg 



*1| 19 l||x| *|| 49 # oh gofl Xlof/H.-fepI ^S^S^ «te!#oil gsfoi 9^|CH «fc Sfe S** 

^*F. 



a ^96 



a ^97 



S^P-98 

xg 19 m*l 7H| 59 ^ cHi=L oj- S-cHI 9lo\M,&?\ Ai|1 US* ^ h ^ *il2 Hs|-# &j-2| <gu±o\\ n ^ *^#o| igH|cH 



a ^99 

7H| 1 9 m*l *il 89 § CHJ^ oh S-oil 9io]A-\ , p ^ gc*o| gfi |. s *° A lg 9ff°F-^ *i|3 ^F th| 3 y 

SflSW Af-O|oh Sfe Ai| 4 94* *h^*||^0| *i§H|^ ^jl, x|| 3 gS |. # «hE*|SW Al-7| 7H|4 514* 



a ^aio 

Ail 99CH[ ^CHa^ai-^i xi|3 i^t y-^x-||^o| Al a Ga 1 _ a N(0<a<1)^^ 0|^O|a[ Ji 5 AH|4 H4* ^ h o| ln b Ga 1 _ b N(0<b< 

1 , b<a)^ o|^cHx|^ 5§ 3|.- gfi |. s ^xh. 

a^F9n 

aHI 99 5E4=r Ai| 109011 2icHA-j,Ap| 7H|3 514* °| 5E-^ £p| Ai| 4 i!4S ^ ^cHi cHi^ 3hu|-o| oh ^^F, 



a^F9i2 

^| 99 5E-^ AH| 109CHI $icHAi,A[. 7 | ^| 3 °| a^| ^4 nj-g o| ^^o| 3^ oj^oj ^Aj 0 | eg 

ofe Ai| 3 &i-^|°| 5E^ Ai| 4 ^Ai|^o| 3^ ^ AhO|CH| Ai^ A|-o|^ 3|.- ^ 

Ail 



a ^913 

Ai| 99 L[|X| Ai| 129 # OiJ^ oh 90|| 2lO\M,&7\ ^#^ h #^ ft^S^I SohOi ^AjH|cH oi- ^^o^ ^ aS |. S dj-^^l 



a^F9l4 

Aii 99 Ail 139 e chj^ oh 9chi ^cHAi^^i ^3 ^ Ai| 4 mnw ^ ^i^s^i n±r 

m ^Ai| ^Xh. 



a^F9i5 

Ail 99 l-Hx| Ai| 139 ^ CHJ^ oh g-oii oiojAH,^! Ai|3 isft °| 5E-^ Ai| 4 U^F^ ^Ai| oiJ=L ^ gJ-cHI P 9 M^^o| 

£|CH ^9^^ oH^ gs|« t^Ail ^xk 



a^F9i6 

Ail 99 mx| Ail 139 g OiJ^ oh goii oj^a^^I Ai| 3 gj Ai| 4 H^t sfs| agWI p9 M^^o| ^gs|ai 51 

m^SL^ 3fe ^sh^ y-^Ail ^xk 



a^F9i7 

^^^i «h£*iis* ^ s^^f, ^^ai ^Aii## p ^ g^3fsi A^oioii mnm #s.m ^ 

o\\ 5tlo\M,&?\ AHcH^ sms| n9 M^#o| Ai^ a^ 0 |^ £9^21 Ai^ a^ 0 |^ y Jl^a(band 

gap)cHIMx|# ^ ahch^ 2^^°| mnm ^Ai|#o| ah^ H |^ n ^ Ai|i ^#^#o|zi 5 p ^ g«o| ^cH^ 3|-u|.o| y-^ 



p3 *^*o| ±%s\n AHs eH=a(band gap) o)| b|x|7h 9o| & *U32|- *l|4 ash* y-£*l|sj-o| p= ch#s| # 

^S#oU,^ 7 | #ah±^ ln a Ga 1 _ a N(0<a<1)°^ a Sf*h ^S^se! 5S °ht ash* 4*1-. 



S^F-918 

**^B\ ash* &}£*ll#« 3ife S<^3f, gsff e}£*ll§« p = ge(:4fi| AK)|o)| sifc ash* e_h£S|| 

CHI 2JcHAt^ 7 | g«o, wcH£ sH-a] ash* &}£*ll#a n9 *^*o| a^ aj 0 |» £Eg£|o) flfe §<|J ze^S 3i-b *jo| 

£ 2S#s| ash* asai|oto| *J#£|^ x)|i ^#Q|#oU,a^| p ^ g«o| ^oj £ sfL[o| zfzj- p g 

oi tgsini a^ «h =^ oiiMx|7i- 901& n\3A m ash* <HE.m^o\ 1^9*1^ p* tEis§ou,^i *9#a i^Ga^ 

a N(0<a<1)°^ a cfS 5j S |g£S Sfe ash* 



S^F-919 

H 179 5E-i= X)| 18S-CHI a!(HAH,Aj. 7 | ^3 ti! E *||q-o| pM ± = 21 ai-71 s|| 4 d|. Ei || e|o| pS i. £7 ^ A -] M 

9o|°h 5!S sfe ash* &}£*ll ^ak 



§^920 

*)| 179 x)| 189011 a!<HAH,Ap| xi|3 ash* p9 *^* feE^h 4PI xi| 4 ash* p9 *^* ££7h A-|m 

5!# ^92S ash* &J-E*II ±fc*h. 



S^921 

**^2| ash* n = aa(3f, ash* 5fe p = g<*:ah°| a|-o|ch| ash* *VE.m dtxt 

CHI 2JCHAH,Ah7| n= »0)i smoj nS #^so| Ais 9o|°h ^£3. tgsioi §<|J ^ah§ g>t ^CH 

E 2#-ff2j ash* yS£*l|eto| *ms|^ *l|1 ch#^#oU, 9?l p* g<*°| »0)5E «ma] ash* e}£*ll#a- p9 #^*« S 
AlfcGa^NKOSb S1)2S o|^o|S p* a«! ^ 9#o|ai, #7| f^fS, ln a Ga-,_ a N(0< a < 1 )°s a cfS ^ °*^ 

5is ^ ash* itAK 



fll 18& ££-^ xh| 21 Soil a!cMAH,Aj. 7 | n i 7H|-| cfgDhgo z|z| GaN£S o|^-CHS! nS *^*o| a^ ^-o|°h sga 2§#a| 

ash* y-s*ii^oi *j#£|£r 5is oh^ ash* 



m^s.\ ash* ah£*ii#s ?tb n= g^^h, ^^si ash* ysxHiss m= P ^ s^^hsi aloichi t^§g ^ ash* &}£^i ±^ 

CHI X!CHAH,Ah7| ™0\£_ ^[s\ ash* &}£*ll#a nS *^*o| aHs 4ho| ESs) Jl aHH?a cHIMx|7h So|& 3 

ch^ 2§^ai ash* &i£*ii^oi »sei^ n ^ ?hii ^h#q-#ou, P ^ »chs «ms] ash* &}£*ii#a P s *^*s 

sa-3hs AlbGa^bNCO^b <1)°S o|^-CH5! p* Eh^^ #all9#o|ai, &7| #-^#a ln a Ga 1 _ a N(0<a< 1 a ch# °tAh ^#^p- 

3ds oh-^ ash* ^ Ah. 



S^S24 

17& M|a| xil 23th § cHi^ & &CH| 2lo\M,&?\ n= s||1 ch#a|#3f a^o|ch|, | n # ilh^h^ x)| 1 as|* &}E*l|s|3h 3 *||1 

ash* &J-S.*(| So|& 7H|2 ash* &}E*l|a]-o| »sa *l|2 ^h#a|## ^ 5!# ^9°^ §h-& ash* 
4: Ah. 



*)| 179 M|a| xil 249 § cHi^ & &CH| a!ojAt^ 7 | n ^ g«o||AH, ^ 7 | n ^ x|| 1 ch#a|g3|. 7|&^ a^o|ch|, n9 *^*S &^ofe n 



§^926 

X|| 2590)1 2iO)Ai,Ai- 7 | n ^ aqE § o GaN g ^|o)| 9^5^ 51 fSSS oh^ ash* &}£*ll 4: Ah. 



S^P-927 

?HI 269011 9io)AH,Aj-7| ash* y-£*ll ^Ah&|| sjcHAH, aj-7| ?)^g GaNga ^^&>-l€J Ga d AI 1 _ d N(0< d <1)2S o|^-o)a| u]r-\ 
#^|CH| S«s|j1. SE9 4h?l P^ c:h#Q| #a(|9S SE-^ p= EH|ot #E|]g# ^|o)| P 9 *^*S Mg» I&sfe p= GaN 
9^oh^ 5)S ^92£ 3h^ ash* efE*l| ^xh. 

S^P-928 

p9 ifSfe ash* ef£S||*« p± ^-o| af£SII*°S o|^0)g n= S^2ha| a^o|o)| # 

^§f ash* &I-E^l ^A^l a!CHAi,A^ 7 | p -g Ais ^A4 0 | 9o|9 xih^ xi| 2 ash* 5»*hfe =fro| £ 

»#a i^xh ^p-^» 5KH, 97| xi|2 ash* ^£SI|at >-HcH| z)o\s. *W\ ash* &}£*ll^o| m« £&s^ 5!# ^3°^ 

oh^ ash* &E.m ^ak 



*\\ 28S-chi 5icHAi,Ai-7| ^11 mmm y^^i^w ^7 1 xii2 gsw y-ix-ii a[-o|ch[ , a|-7| sin unm y^i^tsi ^oiiah a^i *ii2 ash 

*i| 28H- ^ AH| 29S-CHI $tO\M x\\ 1 ^ *i|2 SShS Qj-s z|z| | n # SH-olOI, X|| 1 gs|-S aj-S| In lM^o| ^ 

7| 7Hi2 gshs y-i*n °t°i in a-^ifMci- b mnm 

*i| 28& *l| 29SWI SdO\M,&?\ SShS \n x Ga A _ x NS.^ o\^0\x\JL ] aj-7| x\\2 SShS ^ AlyGa^N 

(0<y <1)^^ ol^CH^I 3|-^ gs« ^XK 

3^8-32 

*H| 28& m*l 7H| 31 & g CH J=. & g-oi| 5icHA^^ 7 | 7HM gS |. e J\\2 oj^ ^mcH|-^ p § 

*il 28& *l| 3 1 & H- of — &CHI 5icHAi,A^| ^|1 *J-^*II £P| x||2 gs» y-^|°J-#o| CH^ 3hu^|-^ 1 

xi0 19 /cm 3 l-Hx| 5 xi0 21 /cm 3 s| H^lsl pS M^^o| ^§^21, 3h4o||-^ 5 xi0 18 /cm 3 5 xi0 19 /cm 3 £| H^|o|:h 
& £p| ii *J-°I gshS y-^I^M^ ah- oto| pS ^--^o| iSH|cH 5*^ m^^^ oh-^ g^e ^ak 

S^FS-34 

*ll 28& m*l 7H| 33S- § CHJ^ & S-cHI 5icHAi 5 ^ 7 | ^|1 gs« L^-H^ol 7|-& 3^cH| S-gsllil, 5E& p# S^o| 7|-& 3±^cH| 

^hi -i gs» y-^x-ii °|oii s^hi-^ 3|.- gS |. s 

S^FS-35 

AH| 34&OJI SicHA^A^i ^| 1 gtff y-^l^l pS fe^-^ ^7 1 AH|2 StU y-^-ll^-M^ s m^EL^ ^ ^ 

s^a-36 

^il 28& l_Hx[ x|| 35& ^ CHJ^ ^ &o\\ 9lO\M,&7\ #^#^1- ^7| p ^ A^o|oj| AIM S&ol--^ ^ o\^o]*\ p ^ 

#2.H9#o| ^g^^ ^ ^^|| ^ak 

S^FS-37 

^i| 36&CHI 5icHAi,Ai. 7 | p ^ #BHg#^ Al x Ga 1 _ x N(0< x<1)^^ o|^-CH^I #^ ln y Ga 1 _ y N(0<y < o|^-CH^J #0| mcH-^ ^ 

^^Ah ^eew ^ ^g^^ oh-^ mnm ^ak 

S^S-38 

^^o| bj-^ISM ^ S^j2f, ^r^l ^^|## ^ p ^ AhO|CH| #Aj#M ^ ^Ah 

CHI 5icHA^A^| n ^ o^o^o| ah o[ ^ 3|.u|.o| bj-^IS^, ^i^S^I u J£x1^ ol^oiAj #^^-o| ^Sh|cH 

5^!-^^^ o|^-oi^J ^^S, ^ ^l^S^! ol^ojAj a^o| ahch^ 3#o| ^a^h^ ^S^l-^ 

^^ ^§°i§OU,Ap| p ^ g^o| AH O) ^ 3|.u|.o| Z|Z| p ^ #^^o| ^^\1L Bi^a CH|LiX|7|- Al-ol^l- *||3 

^ ^H|4 y-i^l^ol AHgH)-^ p ^ #E.fj3#o|ZL,A^| s-ah*^ ln a Ga 1 _ a N(0<a<1)^^ S ^§ ^A|- ^#^-^o| 

S-=?-&39 

^ 38&CHI 5iojAi ,Ap| xj| 3 P S fe^^l- ^7 1 *1| 4 pS fe^7F a^ ^ 0 |^ ^# 

3^ Aj^-. ui-ix-ii 

AMI 38S-CHI SicHA^A^i ^| 3 ^si\ p ^ ^ = a^| ami 4 ^^| p ^ fe ^ 7 ^ 

a^^I--^ y_h^^| 4: Ah 

S^FS-41 

^^o| ^^|. # uhi^||## ^ n ^ S^^K ^^o| uj-^^g- p ^ go^^o| A| _o|cH| #ah- # aj-i^ll 4lAh 

CHI 5icHAH ; A^| n ^ g«o| ^cHi omo| d_ h ^| # - ^^g^i a^^- y-^-il^ ol^cHAj o|-#, n S M^^o| tg£|cH 91^ 

o| -QjAi ^}# 5 gi oj^gs 3j^- «h£*|S ol^cHAj a^o| ^cHi 3#o| ^aHdh^ *j#5=l^ 



:n,97| t^fS, ln a Ga-,_ a N(0<a<1)# Jt999 99 9xh 9^^£J 5t 93°^. 99 39# 9£*ll 4:9. 
9^-942 

*l| 389 SE-^ XH| 39&CHI &l Ol A-] , Ap | n ~ *)|-| c|-ga|ge a| ^;>||7f- 100 1 0000 a9S 9£*I|S 0|^CH£! 

9^19 50 1000 9 ^9^1 n3 #9*P| £9£|CH 5t!9 S9S 9E*IIS 0|^oj£J 99#, SI 9 ^|7h 25 m*| 

1000 g^mgai eitg as* 9e*iis oi^ois 9§°s 0 |^cH£j 9?!°^. 99 mmm 

§9943 

*i| 38S m*| *fl 429 9 CHi^ 9 9cH| 5UO]A|,9-7| n9 S^chI 5U0JA-1, 9?l n9 aHM ctem&zi *ah* a^|ch|, in« S999 *]|1 

a9# 9£*ii99 zi ahm mnm 9£*ii99 9019 ^9« 99 *ii2 a9# 9£*ii9oi £j§s n = 3112 cff4§§ 5# 93 

2S 99 S9S 9£*ll 



9^-944 

*l| 389 t-nx| XH| 439 9 CHi=L & 9CHI &1CHA-] ,aj. 7 | n9 S^CHI sycHAH., aj. 7 | n9 *f|1 99999 7|=h a|-o|o)|, nM 99#S 
n9 9^M#« ?>9 7jg igog sfe ^xK 



§9945 

*|| 449CHI a!oiAH,97| n9 9^M#e GaN9 flo( ij£!£|CH £!9 7j§ ago^ sfe gs ^ a£S | 



§9946 

H 459CHI 2JCHAi,Ai-7| a9# :£9cH| SiCHAi, ai. 7 | oj £ g GaN#-& *1999-a|£| Ga d AI 1 _ d N(0< d <1)°3 o|^-OjS u-\Rj 

#^|CH| Sgsim, SE9 9?l p9 999 #£HS# SE9 p9 9^9 #eHS# flofl pi! 99#^ Mg* Ipfe P 9 GaN 9^M#S 

S999 5§ 99 mmm 9£*ii ^9. 

§9947 

^9°i a9# asais* 99 n 9 §^9 99^1 a9# asms* 99 p9 a^afsi ak>io« *9## ^ ^ 

CHI a!olAH,97| n = gaja] ^ojs 99^1 at£SflSS S^S afESflefol nS ^g^eoU,9?| p* 

5)oiE 3^o| ah£sfl$s ashs effEsiiatoi ™ms\= p m ^s^gou,9?i ns ^s^s# ^^H=r P s 



S^948 

^=^°i mmm ^Msm ?>t n= mnm "j^mmm P = a^oni #ah## ^2h# y^si ^xf. 

CHI aiCHAH,4i-7| n= »Oj£ ©msj ^=rS| SShS &J-£*||ato| nS c:|-ga|fto| JL,-g7\ p= 

»CH£ sms| ash^ ai-ESfl$e ashS e*E*l|sto| »#£|-^ pS ^#a|#oU, se°F9?| nS ciLg^ss ^-ah^- 



S^P-949 

mnm §>t n= ^=^21 ash# P = <3™^s.\ a^ni »ah## mnm assi ^xf. 

chi sjoiA^A^i n = g^o, »oji smsj assflse ^^^i asF# afssiiotoi ns ^#^#ou,9?i p^ 

»chs sh-21 ash^ m-Esflse ashs eftsiioj-oi »#£|-^ P s ^#^#0101,971 ns ^§ n 4§s P s 

^9^ zeahoI 90|^ai, SE9 97| nt! c|-#a|## =F^*fe ash# e}£*H^°| w§4=2| pS ^«^#S ^9^ a 
9* 9^1921 9S^7h 9o|& 5* fgss 9^ a9# 9£^l ^ak 



9^950 

479 lHx| xhi 499 9 CH-^ 9 9cH| 9ojAi,97| pS 9999« ^^99 a9S 9E*II92| ^S^K 9999S ^999 
S9* 9£*II92| ^#^fi9 9^ 51 f9£S 99 S9S 9E*II ^ak 



9^951 

479 l||x| thi 509 9 CH-^ 9 9<»l X! cH a-1 , aj- 7 | nS 9999S Al z Ga 1 _ z N(0<z < 1 )9 ln p Ga 1 _ p N(0< p < 1 )# ipfa, 97 1 
c|§4§s Al x Ga 1 _ x N(0< x <1)9 ln y Ga 1 _ y N(0< y < 1 )« i999 5!i 99°^ 99 SSffl 9E*II 

9^952 

q 479 t-nx| xhi 519 9 CH9 9 9cH| 2lo\M,&?\ 9#9# S/^9 9999^ E§g 5§ *go^ 3^ gst# y 

E*l| 4:AK 
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